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PEEFACE. 


Ix  the  preparation  of  the  following  work,  it  has  been  my 
tiideavour  to  produce  concise  descriptions  and  typical  illustra- 
t  ions  of  all  the  important  affections  of  the  eye. 

With  one  exception  the  coloured  plates  have  all  been  taken 
from  cases  met  with  in  the  course  of  clinical  work,  chiefly  at 
the  Rojral  Westminster  Ophthalmic  Hospital,  St.  Mary's  Hos- 
pital, and  the  Royal  London  Ophthalmic  Hospital,  Moorfields. 
With  regard  to  the  drawings  of  these  and  the  other  illustra- 
tions, I  have  received  valuable  suggestions  and  assistance 
from  Sir.  K  Noble  Smith. 

The  chapter  on  Refraction  has  been  jointly  written  by  my 
colleague  Mr.  Adams  Frost  and  myself,  and  that  on  colour- 
vision  is  entirely  his  work. 

My  best  thanks  are  due  to  my  friend  and  colleague  Mr. 
Anderson  Critchett  for  the  kind  way  in  which  he  has  allowed 
rne  to  make  use  of  any  cases  coming  under  his,  or  our  joint, 
rare  at  St.  Mary's  Hospital,  and  for  many  valuable  practical 
^suggestions  as  to  diagnosis  and  treatment. 


vi  PREFACE. 

I  also  have  to  thank  Dr.  E.  J.  Edwardes  for  considerablt* 
help  in  the  chapter  on  the  Optic  Nerve  and  Betina,  more 
especially  with  regard  to  the  views  of  Continental  writers. 

Finally,  I  am  indebted  to  Mr.  Adams  Frost  and  Mr.  Arthur 
K.  Willis  for  their  valuable  help  and  suggestions  in  passing 
the  book  through  the  press. 
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U  pr(j»«nU  the  following  slractures  (lig,  1):  skin,  conuective 
uuft,  sj»liiBctcr  orbicularis,  taraus,  Meibomian  glauds  with  the 
ajxda  of  Moll,  the  ciliftry  muscle  of  Iliolanus,  and  the  con- 
inctira.  The  akin  is  continuous  with  that  of  the  face;  at 
IK  free  bonJw  of  the  lid  it  becomes  coutinuous  with  the  con- 
plGtiVB.  It  u  delicate,  but  otherwise  resembles  the  general 
itrguraeut ;  it  U  fn-r-lv  inov^ibli-  ou  rli.^  subjiMient  connective 
i»ue.     The  ci'-  I  are  placed  in  from 

ro  to  fuur  row?  '  border  of  the  lids  ; 
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orbicularis  are  embedded.  The  jjalpebral  portion  of  the 
orhii:ttlarns  palpi'brarum  muscle  consista  of  thin,  pale,  and 
dlightly  curved  fibres,  surrounding  the  fissure  between  the 
eyelids.  It  is  closely  adherent  to  the  skin  by  fine  connective 
tissue,  but  glides  loosely  over  the  tarsi ;  internally  it  is  attached 
to  the  tendo  oculi,  and  aends  a  few  fibrea  in  front  and  behind 
the  lachrymal  aac.  The  tarsi  (tarsal  cartilages)  are  two  thin 
elongated  plates  composed  of  dense  connective  tissue,  with  a 
few  cartilage  cells.  They  give  firmness  and  shape  to  each  eye- 
lid.    They  are  situated  beneath  the  fibres   of  the  sphincter 
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orbicularis  muscle,  and  their  fibres  communicate  with  the 
connective  tissue  in  front  and  behind  them.  The  upi>er 
tarsus  is  somewhat  oval  in  shape,  and  is  thickest  at  its  anterior 
edge;  at  its  jwsterior  edge  it  receives  the  levator  palpehra*. 
The  lower  tarsus  ia  thinner,  narrower,  and  of  nearly  uniform 
breadth  throughout.  The  tarsi  arc  fixed  by  fibrous  rissue 
internally  to  the  tendo  oculi.  externally  to  the  malar  hone, 
and  above  and  below  to  the  margin  of  the  orbit  by  the 
palpebral  ligament.  The  Mfihmnian  glands  number  from 
thirty  to  forty  in  the  upper  lid,  and  from  twenty  to  thirty  in 
the  lower.     They  are  embedded  in  the  under  surface  of  each 
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tiirsns,  aofJ  are  arranged  in  linear  seriesi  parallel  to  (lie  surfii»;e. 

Ill  firueture  they  exactly  resemble  sebaceous  glands.     Each 

consists  of  an  excretory  dact,  with  numerous  ciecal  appendages 

amtnged  along  its  eides.     The  duct  in  lined  with  laminated 

and  t«sselated  epithelium ;  the  appendages  are  lined  vilh  cu- 

boi<Ul  epithelium,  and  are  filled  with  fatty  secretion.     Their 

rxcwloiy  duct«  open  on  the  free  borders  of  the  lids.     Between 

these  ducts  and  the  cilia  is  a  layer  of  muscular  fibre,  which 

is  an  offshoot  of  the  orhiiularis  palpebr^um — the  musculns 

ciliaris    Kiolani.      The   conjunciiva   is   the    delicate,   highly 

•eaeitive   mucous   membrane   which   is   continuous   with   the 

skia   at   (be   free  edge  of  (be   lids;  after  lining  their  inner 

stirfu^e   it  is  reflected  on  to  the  globe  and  over  the  cornea, 

lU  its  anterior  epithelium  ;  at  the  inner  canthus  it  becomes 

I   ooutinuoos  witli  the  lining  of  the  canaliculi.     The  palpebral 

kjkorfit/n  is  thickest  and  most  vascular ;  it  is  firmly  adherent 

|tolbe  tarsus,  and  presents  numerous  fine  papi Hie.  freely  eup- 

l|ilie>l  with  nerves.     The  portion  which  is  reflected  fi-om  the  lid 

M to  the  ^obe  (fornix  conjiDictivce)  IB  thin  and  loose;  beneath 

lit  are  found  the  ducts  of  a  l^er  of  racemose  glands.     The 

tacUrotic  portion   is  thinner  than   the   jwlpebral;   it  has  no 

IjMpilijp;   it  is  loosely  connected  to  the  globe   by  connective 

I  (cpi»c!enil)  tissue.      The  comral  portion   is   almost  entirely 

lettithelial   (vide  Cornea).     The  conjunctiva   is   supplied  with 

f  lymphatic  vessels,  which  are  arranged  in  the  form  of  anasto- 

Iswning  superficial  and  deep  plexuses.     The  arteries  of  the  eve- 

flid*  jiroceed  from  the  ojjhthalmic  artery.     The  sensory  nerves 

•  derived  from  the  fifth  pair.     ITie  orbicularis  muscle   is 

f  «nppli«l  by  the  facial  and  the  levator  palpebrw  by  the  third 

The  merbaaism  concerned  in  the  movements  of  the  eye- 
lid* h  one  of  great  pathological  and  physiological  interest, 
I  but  is  not  yet  thoroughly  made  out.  The  normal  position  of 
I  the  eyelids  is  such,  that,  when  the  eyes  are  open  and  looking 
I  ttmigbt  forward,  the  cornea;  are  exposed  to  view  except  at  their 
1  upper  part*.  This  position  is  relatively  nearly  the  same  when 
I  th-i  eye*  are  directed  either  upwards  or  downwards,  the  lids 
I  thus  moving  with  the  globes.  The  eyelids  are  opened  by  the 
I  actioo  of  the  levator  palpebrse  superioris,  which  is  supplied  by 
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the  third  nerve.  They  are  closed  by  the  relaxation  of  this 
muscle,  and  by  this  contraction  of  the  sphincter  orbicularis, 
which  is  supplied  by  the  facial  nene.  The  upward  movement 
of  the  upper  lid  is  effected  by  the  contraction  of  the  levator 
palpebrse  superioris,  acting  probably  in  association  with  the 
rectus  superior  and  obllquus  inferior;  and  the  lower  lid  is 
lifted  up  by  means  of  its  connection  with  the  upper  at  the 
canthi.  The  lower  lid  is  probably  depressed  by  means  of  the 
relaxation  of  the  levator  paljjebrn!,  and  the  contraction  of  the 
rectus  inferior,  which  acts  upon  Tenon's  capsule,  with  which  the 
inferior  tarsus  is  connected.  The  upper  lid  is  thought  to  he 
pulled  downwards  by  the  lower  through  its  attoL'hmeut  at  the 
canthus.  For  further  information  on  this  subject  the  reader 
is  referred  to  a  paper  by  Mr.  Lang  and  Dr.  FilzGerald,  pub- 
lished in  vol.  ii.  of  the  IVaosactions  of  the  Opbthalmulogical 
Society. 

The  eyelids  serve  to  protect  the  eye  from  injuty  and  undue 
exposure  ;  their  edges  are  lubricated  by  the  secretion  of  the 
Meibomian  glauds.  By  their  closure  at  frequent  intervals  they 
serve  to  convey  the  tears  from  the  lachrymal  gland  tu  the 
lachrymal  sac,  and  thus  to  lubricate  the  surface  of  the  con- 
junctiva, and  to  clear  away  mucous  secretion  from  the  corneal 
surface. 

BlepharitU  (ophthalmia  tarsi,  tinea  tarsi,  sycosis  tarsi)  is  an 
inflammation  of  the  free  edges  of  the  eyelids. 

Causes. — It  frequently  occurs  in  stnunous  subjects  who 
have  been  exposed  to  bad  hygienic  conditions.  It  is  very 
conkmon  in  childhood,  frequently  following  an  attack  of  measles. 
It  may  be  brought  on  by  excessive  use  of  the  eyes,  especially 
when  working  by  arti6cial  light.  Other  causes  are  errors  of 
refraction,  and  obstruction  of  the  lachrymal  passages. 

Syrtiploms  and  pathology. — There  ore  numerous  degrees  of 
the  affwition,  varying  from  «mqile  liyi)enEmia  to  severe  ulcera- 
tion. It  begins  with  painful  senaatiou  of  jiricking  and  burning 
ia  the  eyelids,  which  is  increased  on  exjusure  to  bright  light 
or  to  cold  winds.  There  is  an  increase  of  the  glandular  secre- 
tion, and  the  eyelids  ore  found  sticking  together  iu  the  morn- 
ings by  gummy  ciu'lation.  The  patient  ex])erienccs  inability 
to  do  prolonged  eye-work.    In  the  simplest  forms  there  i«  only 
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yjht  redness  and  swelling,  no  marked  anatomical  lesions.     In 

I  more  severe  firms  the  smarting,  pricking,  and  burning 

isations  are  more  severe ;  and  lachrymation  and  photophobia 

present.     The  edges  of  the  lids  are  red  and  thick,  and 

rtxits  of  the  lashes  are  seen  to  be  surrounded  by  yellow  in- 

itions  of  pus,  beneath  which  are  found  more  or  ie5a  severe 

uleerations.     The  lids  are  so  glued  together  in  the  morning  that 

the  patient  ia  unable  to  open  them  without  the  use  of  warm 

If  neglected,  the  ulceration  may  become  deep  and  severe, 

thusdestroy  the  glandular  elements.     The  fatty  secretion  is 

suppressed,  the  tears  overflow  and  cause  irritation  of  the 

londing  skin,  which  often   becomes  the  seat  of  chronic 

The  edges  of  the  lid  become  thickened,  the  eyelashes 

loose  and  fall  out  and  are  replaced  by  others  of  stunted 

or  Uie  lids  are  deprived  of  lashes  (lippitudo),  or  everted 

ropion)  ;  the  closure  of  the  palpebral  aperture  may  be  im- 

Tect,  and  the  globe  of  the  eye,  being  exposed,  is  frequently 

lamed. 

Pvognotna  and  treatment. — The  treatment  must  be  general 
well  as  local.     Tonics  should  be  administered  :  iron  in  some 
quinine,  cod  liver  oil.     The  patient  should  avoid  fatigue 
le  even,  cold  winds,  and  artificial  light.    The  lachrymal  pas- 
■hoiild  be  examined;  any  errors  of  refraction  should  he 
i  hy  spectacles.    Locally  the  treatment  must  depend  on 
•evrriiy  of  the  case;  in  the  simpler  forms  it  ia  generally 
Icient  to  thoroughly  cleanse  the  eyelids  from  all  incrustation 
or  three  times  dnily  with  warm  water,  or  with  warm  alka- 
lotion,  and  then  to  smear  the  edges  with  some  stimn- 
ig  ointment — such  as  that  of  the  yellow  or  red  oxide,  or  of 
le  nitrate  of  merciuy  (F.  24,  25,  26);  or  a  lotion  of  acetate 
of  Iwul  may  be  employed  (F,  27).     In  the  severer  forma  the 
iucnuAations  must  be  elenrrtl  awtiy  by  warm  alkaline  lotions, 
as  bomx  (K.  13),  or  carbonate  of  soda  (F.  11  and  12).     I'hose 
iMhvt  whi<-h  appear  to  be  the  seat  of  inflammation  should  he 
pulled  oat  with  epilation  forceps,  and  the  edges  of  the  lids 
(•lionld  be  touched  with  solid  nitrato  of  silver,  or  brushed  with 
a  PolutioD  of  this  salt  (gr.  xx.  ad  Jj.).     This  apjiliuition  should 
L  bo  repeated  once  or  twice  a  week  until  a  healthy  condition  is 

^^M«ttbli«he<l 
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I  ointment  of  the   red  or  yellow  oxide,  or 
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of  the  nitmte  of  mercury  should  be  emeared  on  the  lids  night 
and  morning  after  each  cleansing  with  the  alkaline  Bolution. 

Hoideolnm  (stye)  is  an  inflammaliou  of  one  uf  the  sebaceous 
glands  of  the  ciliary  folliclea  at  the  margin  of  the  lid. 

Gauee. — There  is  generally  some  constitutional  derange- 
ment. Over-uae  of  the  eyes,  esspecially  in  byi»emietroj>e8,  and 
exposure  to  cold  windti  are  exciting  causes. 

Symptoms  and  pathohyy. — It  begins  as  a  circumscribed 
red  patch,  redness  and  swelling  soon  extend  to  the  neighbour- 
ing parts,  sometimes  to  an  alarming  extent.  Pain  is  sometimes 
very  severe.  At  the  end  of  three  or  four  days  a  yellowish  point 
ap|>ears  at  the  centre  of  the  swelling,  generally  around  the  base 
of  one  of  the  lashes ;  this  indicates  that  suppuration  has  taken 
place,  and  that  the  abscesa  will  point  externally.  Several  i-f 
these  styes  may  occur  at  the  same  time,  or  there  may  be 
successive  crops  of  them. 

Treatment  must  be  constitutional  as  well  as  local.  The 
general  health  should  be  improved  by  exercise  in  the  open  air, 
and  the  administration  of  good  food,  and  tonic  medicines,  such 
as  iron  and  quinine,  or  bark  and  ammonia.  Great  benefit  is 
often  derived  from  the  internal  administration  of  small  doses 
of  sulphide  of  calcium,  a  ^  or  ^  grain  in  the  form  of  a  pill 
immediately  after  meals  thi-ee  times  daily.  They  should  bo 
continued  for  at  least  a  week  or  ten  days  after  the  disappear- 
ance of  the  styes.  Over-use  of  the  eyes  should  be  avoided. 
IxN^lly  the  pain  will  be  much  relieved  by  frequent  fomentation 
with  warm  water,  or  the  application  of  bread-end-water  jjoidlice. 
Ad  antiphlogistic  lotion  should  he  prescribed  to  be  used  warm 
(F.  27);  and  a  pad  of  cotton-wool  can  be  soaked  in  this  and 
placed  over  the  eye  in  the  form  of  a  compress  once  or  twice 
daily  for  five  minutes  at  a  time.  When  pointing  has  com- 
nienoed  the  cure  is  accelerated  and  the  pain  relieved  by  an 
incision. 

ChalaiionrMeiboinian  cyst,  tarsal  tumour)  is  a  small  tumour 
situated  in  the  subslanco  of  the  tarsus. 

Caiive- — Obstruction  of  llie  excretory  dnct  of  a  Meibomian 
gland. 

Symptoms  and  patholo^.~-The  tumoiu*  i»  mure  commonly 
situated  in  the  upper  lid  than  in  the  lower ;  several  may  occur 
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at  the  same  time.  They  vary  in  size,  their  diameter  ranging 
from  tiiree  to  ten  millimetres.  Each  consists  of  a  chronic 
hypertrophy  of  the  deep  portion  of  a  Meibomian  gland,  coii- 
Uining  accumulated  secretion  which  is  sometimes  liquid  and 
puriform,  sometimes  solid,  homogeneous,  and  composed  of 
sebaceous  subetaDce.  The  tumour  is  generally  hard  and  spheri- 
cal, fixed  to  the  tarsus,  but  not  to  the  skin.  On  everting 
the  eyelid,  a  bluish  discolouration  is  observed ;  this  is  due  to 
thiiiaiag  of  the  tissues  beneath,  and  corresponds  to  the  [>osition 
of  the  tumour.  It  develops  slowly,  and  miiy  cause  no  incou- 
TCDience  for  several  months,  but,  if  left  atone,  it  often  iuBames, 
and  sometimes  suppurates,  pointing  generally  through  the  con- 
junctiva, but  occasionally  externally.  In  this  way  it  may  hnally 
disappear  by  contraction. 

(Treatmiint. — The   tumour   must   be   removed  by  surgical 

inside  of  the  hd,  but  when  there  is  pointing  outwards  the  ini 
Ditut  be  made  through  the  sklD,  iind  in  the  same  direction  as  the 
fibres  of  the  sphincter  orbicularis  muscle.  The  nature  of  the 
opciut ion  should  vary  according  to  the  character  of  the  tumour ; 
if  this  has  fluid  contents  it  will  be  sufficient  to  make  a  crucial 
tDcixion  through  the  conjunctiva  of  the  everted  lid,  and  to  scoop 
oat  the  contenta  with  a  curette.  The  cavity  often  fills  with 
blood  after  the  operation,  but  this  becomes  absorbed  in  about 

It  daym   When  the  tumour  has  thick  walls  and  soUd  contents 
riMtioa  is  the  only  remedy.     This  may  be  done  by  fixing 

I  eyeUd  in  compressing  forceps  (see  fig.  2).     If  operating 
1  the  sldn  the  solid  blade  must  be  passed  under  the  lid 

i  the  ring  blade  made  to  encircle  the  tumour.     An  incision 
;  tbeo  be  made  over  the  tumour,  parallel  to  the  edge  of 

B  eyelid,  through  the  skin  and  subcutaneous  tissues  until  th« 


Fig.  2. — CorapressiDg  Forcejis  for  Eyelid. 
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tumour  is  visible,  this  is  then  transfixed  by  a  tenacidnm,  or 
seized  with  an  artery  forceps,  ond  carefallj  dipsecfed  out  with 
ft  smalt  scaljiel.  If  removed  from  within,  thesolid  binde  of  the 
compressing  forceps  must  he  placed  outside,  and  the  ring  blade 
inside  the  lid,  which  can  then  be  easily  everted  with  the  in- 
strument attached  to  it,  and  the  extirpation  proceeded  with  as 
before.     Sutures  are  not  required. 

Dermoid  oyst  is  congenital,  and  contains  epithelial  structures. 

Symptoms  and  pathology. — It  is  a  painless,  uninflamed, 
sjiheroidai  mass,  situat«d  generally  at  the  outer  angle  of  the 
orbit,  on  a  level  with  the  outer  end  of  the  eyebrow.     Less  fre- 
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quently  it  occum  at  the  inner  rmgle  above,  nnd  is  then  to  be 
npproached  with  caution,  as  thi!t  is  sometimes  the  position  of 
mntinflKwWe,  which  is  a  congenital  affection,  having  the  Mimu 
relation  to  the  cranium  and-brain  which  spina  bifida  has  to  the 
spinal  column  and  cord,  i.e.  incomplete  development  of  th« 
bone,  with  protrusion  of  the  dura  mater  in  the  form  of  a  sac 
containing  fluid.  The  meningocele  can  usually  be  emptied  on 
pressure,  it  also  hiis  ii  slight  impulse,  and  is  less  movable.  A 
dermoid  cyst  cannot  be  em]>lied,  it  i«  mon-  or  less  movable, 
it  is  nou-adherent  to  the  skin ;  sometimes  it  is  hard,  sometimes 
semiflucluant  on  pressure.     It  i*  found  l)t?nciith  the  orbifularis 
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mnscle,  and  is  oft«n  firinly  RttAched  to  the  periosteum  ;  sonie- 
timps  it  extentls  deeply  into  the  orbit. 

On  microscopic  eMiminafioTi,  it  is  generally  seen  to  contain 
•tractures  resembling  the  skin  and  its  appendages,  such  as  hair 
fiillirles,  hfiirs,  connective  tissue,  fat,  &c.  (see  fig.  3).  It 
develops  slowly,  but  is  nsually  seen  during  childhood.  It 
eaases  but  little  inconvenience  beyond  the  deformitj'. 

Tint  treatment  consists  in  early  excision.  A  good  large 
Incision  must  be  made  over  the  tumour,  which  should  then 

wWI  cleared  from  the  surrounding  tissues.  This  shouM  if 
:|>nBBible  be  done  without  rupturing  the  tumour,  otherwise  the 
white  sebaceous  contents  immediately  escape,  and  the  thin  walls 
are  afterwards  difficult  to  find. 

Vnri  occur  in  the  eyelids.  They  are  similar  in  appearance 
■nd  structure  to  those  of  other  parts.  Like  dermoid  cysts,  they 
occasionally  extend  into  the  orbital  cavity. 

TreatmfiU  is  the  same  here  as  in  other  parts,  hut  preference 
stiAuld  bt!  given  to  those  methods  by  which  the  destruction  of 
■the  surrounding  healthy  tissues  can  be  reduced  to  a  minimum, 
on  account  of  the  deformity  produced  by  subsequent  cicatrisa- 
ti<m.  For  this  purpose  I  have  found  the  galvano-puocture 
noet  valuable. 

Xanthelama  (ritiligo)  is  characterised  by  the  presence  of 
yellowish  patches,  or  nodosities,  in  the  skin  of  the  eyelids? 
Thf  upper  lid  is  most  frequently  attacked,  but  both  may  be 
imullaneously  affected.  The  patches  first  appear  near  the 
inner  angle  and  spread  outwards  parallel  to  the  edges  of  the 
Bd*,  lieing  always  elongated  in  form.  They  occur  most  fre- 
.'^uently  in  women  of  middle  age.  The  condition  is  due  to 
proliferation  of  certain  granular  cells,  some  of  which  aie  pig- 
B)t!Ot«d,  which  appeiir  normally  in  the  deep  parts  of  the  skin 
of  the  eyelid;  besides  this  the  sebaceous  glands  of  the  part 
am  hyi>ertrophied,  and  their  epithelial  cells  are  filled  with 
nolecules  of  fat.  Their  presence  causes  no  pain  or  inconveni- 
ence J  but  when  numerous  and  of  considerable  size  they  are 
ecismetically  objectionable,  and  the  patient  may  desire  to  have 
them  removed.  This  can  be  easily  done  by  raisiug  them  with 
and  using  a  pair  of  curved  scissors.  Sutures  are  not 
generally  required,  and  no  scar  U  perceptible  after  the  operation. 
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Epithelioma  {rodent  ulcer,  rodent  cancer,  flat  epithelial 
cancer,  cancroid)  is  the  most  frequent  of  malignant  growths 
affecting  the  eyelid. 

Symptoms  and  patholo/jy. — It  seldom  appears  before  the 
age  of  forty.  It  most  commonly  attacks  the  skin  at  the  inner 
angle  of  the  lower  lid  just  below  its  free  edge,  but  it  may  occur 
in  other  parta  of  the  eyelids,  It  first  appears  as  one  or  more 
small  hard  nodules,  which  the  patient  describes  as  a  '  pimple ; ' 
this  sooner  or  later  becomes  covered  with  a  yellowish  incrusta- 
tion beneath  which  the  skin  is  found  to  bo  excoriated.  At  this 
stage  it  causes  but  little  inconvenience;  the  patient  is  in  the 
habit  of  wiping  away  the  scab  from  time  to  time,  but  finding 
that  it  does  not  heal,  he  presents  himself  to  the  surgeon,  and 
it  is  at  this  period  of  the  disease  that  we  generally  see  it.  It 
now  presents  a  brownish  exudation,  which  is  hard  and  dry,  and 
consists  of  inspissated  sanio-purulent  matter ;  beneath  this  is 
an  ulcerated  surface,  which  at  first  may  be  little  more  than  an 
excoriation,  and  may  appear  to  heal  up  for  a  time,  but  soon 
breaks  out  again,  and  becomes  deeperwith  hardened  edges  and 
purulent  secretion.  It  may  remain  indolent,  or  only  occa- 
sionally irritable,  for  months  and  even  years,  without  making 
visible  progress,  either  in  surface  or  depth ;  but  sooner  or  later 
it  will  take  on  a  ra[)id  action,  destroying  not  only  the  skin  but 
the  deeper  parts  of  the  eyelids,  the  connective  tissues  of  the 
orbit,  the  cornea  and  globe  of  eye,  and  finally  (he  bones  of  the 
fac«.  This  disease  is  called  rodent  ulcer  by  many  English 
writers,  and  is  regarded  by  them  as  the  mildest  expression  of  a 
malignant  disease — chiefly  because  of  the  long  indolent  stage, 
during  which  there  is  no  pain,  and  no  infiltration  of  the  neigh- 
bouring lymphatic  glands ;  but  as  soon  as  the  active  stage  has 
commenced,  and  the  dei-i"er  tissues  have  become  affccled, 
the  pein  grows  intense,  the  lymphatics  in  the  neighbourhood 
of  the  parotid  gland  are  affected,  and  the  destruction  of 
tissue  is  tio  rapid  that  the  term  'mildness'  is  no  longer 
applicable. 

Micro»copy. — If  the  tumour  be  immersed  in  Miiller's  fluid 
until  it  is  sufficiently  hard  for  section,  and  then  cut  vertically 
just  at  the  junction  of  the  tumour  with  the  healthy  skin,  and 
stained  with  logwood,  it  will  in  many  cases  be  found  to  consist 
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of  ingrowths  of  epithelial  cells ;  these  are  very  abundant,  anrl 
ill  the  deeper  layers  ty^jical  '  nests '  comiiosed  of  couceutric 
rings  of  flattened  cells  may  often  be  seen — ^such  an  appearaDce, 
in  filet,  as  is  represented  in  figs.  2  and  3,  opposite  page  10,  which 
shoirs  an  epithelioma  of  cornea.  Very  often,  however,  there 
is  chronic  inflammation  of  the  part,  so  that  the  new  growth  is 
infiltrated  with  leucocytes,  which  absorb  the  staining  fluid  so 
readily,  and  are  so  abundant,  that  all  other  cells  and  tissues  are 
obscured.  Fig.  l,op]K>sitepage  10,  represents  a  seetion  from  an 
epithelioma  of  over  twenty  years'  standing,  in  which  this  abun- 
dant, ingrowth  of  epithelium  is  very  evident. 

The  diagnosis  of  epithelioma  from  tertiary  syphilitic  tileer  is 
Bometiines  diSicult.  As  a  rule,  however,  there  is  more  cicatricial 
tiuue  around  the  latter,  which  is  often  multiple,  and  yields  to 
tie  proper  treatment  for  syphilis. 

Tht  treatment  consists  in  the  effectual  removal  of  all  the 
diseased  tissue.  This  may  be  done  in  various  ways,  either  by 
the  knife  or  the  thermal  cautery.  The  method  I  have  found 
most  succesaful  is  that  of  scraping  away  all  the  diseased  tissue 
by  means  of  a  small  steel  scoop,  in  a  manner  which  was  first 
pointed  out  to  me  by  my  friend  and  colleague  Mr.  Malcolm 
Morris.  The  patient  is  ansesthetised,  and  the  whole  surface  as 
well  as  the  thickeued  edges  of  the  patch  are  thoroughly  scraped 
away.  This  is  attended  with  considerable  hsemorrhnge,  and  is 
a  rather  tedious  process,  but  its  success  in  arresting  this  mah'g- 
naut  affection  is  marvellous. 

Patients  are  often  very  reluctant  to  submit  to  oiwrative 
interference,  and  will  sometimes  allow  the  disease  to  advance 
until  it  ia  too  late  to  afford  relief.  They  should  be  warned  of 
the  great  danger  of  such  neglect.  In  severe  cases  it  is  well  to 
apply  chloride  of  eidc  paste  (F.  38)  to  the  surface  of  the  wound 
after  removal.  Even  in  those  cases  where  the  disease  has  been 
allowed  to  proceed  beyond  hope  of  permanent  recovery,  the 
removal  of  the  diseased  tissues  by  the  knife  or  thermal  cautery, 
and  the  Kubi)c<{Uent  application  of  chloride  of  zinc  paste  to  the 
siir&ces  of  the  wound,  appears  to  atford  great  relief  from  tmin, 
and  even  to  check  the  progress  of  the  disease. 

Papilloiuta  (warts)  are  occasionally  found  on  the  edge  of 
B  eyelid,  and  upon  the  conjunctiva.     They  should  be  snipped 
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I  curved  scissors,  taking  care  to  cut  well  below  their 
bases.  Homy  growths  are  also  sometimes  seen,  and  should  be 
treated  in  a  similar  manner. 

MoUnsoom  contagiontm  is  an  affection  of  the  sebaceous 
glands  which  afFectfi  the  eyelids  and  face  as  well  as  other  parts 
of  the  integument. 

Symptoma  an/l  pathology. — It  begins  as  one  or  more 
hemispherical  prominences  of  a  whitish  appearance  varying  in 
diameter  from  two  to  five  millimetres,  and  is  more  commonly 
seen  towards  the  inner  part  of  the  lower  lid  and  cheek  than  in 
other  parts.  It  consists  of  an  hypertrophy  of  a  sebaceons 
gland,  the  contents  of  which  is  composed  of  epithelial  ele- 
ments. The  gland  sometimes  becomes  infiamed,  when  the 
tumour  will  have  a  reddish  api>earance  and  may  go  on  to  sup- 
puration. It  is  possible  that  the  affection  is  contagious,  but 
there  is  not  much  evidence  of  such  being  the  fact. 

Treatment. — Each  tumonr  must  lie  transfised  through  ita 
base  with  a  small  scalpel  and  divided,  its  contents  should  then 
be  evacuated  either  by  squeezing  between  the  thumb-nails,  or 
with  forceps. 

Sarcoma  of  the  ooiy'imetiTa  is  a  rare  affection ;  when  it  does 
occur  it  is  usually  jiigmcnted,  and  Bometlmes  almost  black; 
its  favourite  eilnaiion  is  on  the  ocular  conjunctiva  near  the 
cornea,  whence  it  spreads  to  the  lower  cul-de-sac  and  lower  lid. 
Free  excision  of  the  affected  tissues  is  the  only  hope  for  the 
cure  of  this  malignant  growth,  which  is  liable  to  recur  after  all 
efforts  have  been  made  to  remove  it. 

Lipoma  and  Fibroma  of  the  eyelid  are  very  rare.  They 
present  the  same  characters  here  as  in  other  regions. 

Indsratod  Clianore  sometimes  occurs  on  the  eyelids.  It  is 
accom]ianied  by  much  swelling.  The  glands  of  the  parotid 
region  are  also  indurated, 

Oummata  occaiioniilly  occur  in  the  eyelids,  their  seat  of 
election  being  usually  at  the  onter  part  of  the  upper  lid. 
Ilie  induration  is  sonictimifs  accompanied  by  swelling  of  the 
Hurronnding  tissues  of  the  lid,  and  more  or  less  redness. 
They  are  accomi>anied  by  other  symptoms  of  oonstitutioiiBl 
Byphilis. 

Tertiary  *ypbilitia  ulcers  also  occur  on  the  eyelids;  when 
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more  than  oue  ulcer  is  present  lliey  are  easily  recngnised,  but 
vhea  occurring  singly,  with  indurated  edges  and  of  alow  increase, 
they  are  frequently  difficult  to  distinguish  from  epithelioma. 
The  history  of  the  case  as  to  previous  syphilitic  infection  and 
duration  of  ulcer  must  be  ascertained.  Local  application  of 
iodoform,  or  black  wash,  combined  with  the  internal  administra- 
tion of  iodide  of  [wtasaium,  will  here  be  productive  of  early  im- 
jmivement,  which  at  once  confirms  the  diagnosis. 

Blepharoipatm  (involuntary  spasmodic  contraction  of  the 
orhicuUr  muscle)  is  mostly  associated  with  photophobia.  It  ia 
■ometimes  of  the  tonic  kind,  in  which  theie  is  complete  and 
coottaued  closure  of  the  eyelids,  with  inversion  of  the  lashes 
Kgainst  the  corneal  surface,  thus  causing  great  irritation  of 
lhecomea,and,  by  the  constant  pressure  upon  the  globe,  setting 
np  troubles  in  the  intraocular  circulation  which  are  very  pre- 
judicial to  vision.  Sometimes  the  spasm  is  of  the  clonic 
variety,  in  which  the  contractions  of  the  sphincter  last  from  a 
few  seconds  to  a  minute,  then  ceasing  entirely  for  a  few  seconds, 
but  to  return  again  with  the  same  intensity.  In  other  cases 
there  is  a  severe  spasm  lasting  for  several  hours  and  then 
ip|ieariDg  entirely. 

plepbaroBpasui  is  usually  due  to  irritation  of  some  branch 
r  fifth  nerve  which,  reflected  through  the  facial  nerve  to 
e  Bphiocter  orbicularis,  causes  it)$  contraction.  Hence  it  is 
oRtitt  caused  by  a  foreign  body  inside  the  lids,  an  ulcer  of  the 
oomea,  iritis,  carious  teeth  and  other  lesions  in  ports  which 
■  nippUed  by  the  fifth  nerve.  Another  common  cause  is 
atarrlutl  conjunctivitis  in  children.  It  occasionally  follows 
0(M;nilioos  ui>on  the  eye,  especially  cataract  extraction.  It  is 
a  due  to  the  errors  of  refraction. 
B  treatmenl  must  be  chiefly  directed  to  the  cause  of  the 
.  In  the  great  majority  of  the  cases  the  cornea  is 
I,  although  the  loss  of  tissue  is  often  so  su{}erflcial  and 
•o  diglit  that  it  can  only  be  obsened  by  the  focal  illumina- 
In  such  cases  the  proper  treatuient  will  be  pointed  out 
under  the  head  of  corneal  ulcers.  The  division  of  the  stnic- 
turu  at  the  outer  canthus  by  means  of  scissors  is  advised  by 
e  surgeons.  When  the  spasm  is  not  caused  by  ocular  lesiom', 
i  tKfttment  is  less  certain.     Graefe  ioaada' point  of  electio7i ' 
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in  certain  awes,  thnt  is  a  point  where  pressure  upon  the  part 
would  cause  cessation  or  dimintition  of  the  spasm.  This  point 
<if  election  is  difficult  to  find,  its  most  common  position  is  junt 
opposite  the  esit  of  the  infra-orbital  nerve  on  the  cheek. 

The  continuous  current  is  sometimes  very  bcneSciaJ,  the 
positive  pole  being  placed  behind  the  mastoid  process  and  the 
negative  passed  along  the  surface  of  the  lid- 

Ptosii  is  a  drooping  of  the  upper  eyelid.  It  may  be  ctrnv 
filete  or  j>arlial.  When  complete  the  eyelid  covers  the  whole 
surface  of  the  globe,  and  caTinot  be  raised  by  any  effort  on  the 
part  of  the  patient.  When  partial  more  or  leas  of  Ihe  surface 
of  the  cornea  is  exposed  to  view,  and  some  elevation  can  be 
produced  by  voluntary  effort.  It  produces  very  unsightly  de- 
formity in  either  case. 

Cattsfs. — The  most  frequent  is  paralysis  of  the  third  nerve 
(motor  ocnli),  of  which  it  Is  often  one  of  the  first  symptorax. 
Traumatic  lesions  involving  injnrj'  of  the  levator  palpebm*. 
Hypertrophy  of  the  upper  lid  itself  may  exist  as  the  result 
of  chronic  inflammation,  erysipelas,  or  tumours.  Ptosis  may 
be  congenital,  and  is  then  usually  associated  with  defect  Id 
the  other  ocular  muscles,  and  affects  both  the  eyes. 

Treatment  must  necessarily  vary  as  the  cause  of  the  affec- 
tion. When  it  is  due  to  paralysis  of  the  third  nerve,  the  cause 
of  thnt  paralysis  should  be  carefully  sought  for.  This  may 
be  due  to  intra-oranial  disease,  as  gumma  of  the  base  of 
brain,  cerebral  tumour;  to  tumours  or  other  diseases  of  the 
orbit,  as  exostosis,  sarcoma;  to  general  diseases,  as  svphilis,  , 
gout,  or  rheumatism.  Of  internal  remedies,  especially  in  cased 
where  sjithilSs  is  the  cause  of  the  nen-e  lesion,  the  iodide  of 
potassium  is  one  of  the  nifwt  reliable.  It  should  be  giveii 
three  times  daily,  after  food;  the  dose  being  gnidunlly  in- 
creased from  3  to  15  or  20  grains,  and  its  administration 
continued  for  several  weeks  after  the  cure  of  the  {latient.  In 
recent  eases,  resulting  from  defective  innervation,  counter- 
irritants,  such  ax  slight  blisters,  iodine  liniment,  or  com- 
pound camphor  liniment,  applied  to  the  temporal  region 
may  be  of  some  benefit.  Electricity  in  the  form  of  the  con- 
tinuous current  is  soinetimfcs  of  great,  assistance  in  conjunction 
with  other  remedies.     The  positive  pole  should  be  applied  to 


the  fbf^ead,  the  negative  pole  to  the  ejelids,  the  eyes  being 
closed.  Six  or  eight  couples  are  sufBcient.  The  application 
(^boald  be  made  daily  for  five  minutes  at  each  sitling.  When 
internal  and  local  remedies  fail  to  improve  the  deformity,  an 
operation  for  excision  of  a  portion  of  the  orbicular  muscle  from 
the  upper  Hd  ia  recommended  with  the  object  of  diminisliiiig 
its  force,  and  eonseqnently  of  increasing  that  of  its  antagonist, 
the  levator  palpebrse.  The  optration.  is  very  easily  performed, 
aa  follows;  The  upper  lid  is  secured  in  the  compressing  for- 
ceps ^fig.  4).  A  longitudinal  incision  is  made  along  the  whole 
length  of  the  lid  about  five  millimetres  from  its  free  edge,  the 
akin  is  cut  through  and  dissected  upwards  so  as  to  expose  the 
filires  of  the  orbicularis  muscle;  these  are  then  seized  with 
fr>f«eps  and  a  strip  of  about  five  millimetres  width  excised  with 
Four  or  five  sutures  are  then  to  be  introduced,  each 
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Fig.  t. — Compressing  Forceps, 


BQtare  being  passed  through  the  upper  and  lower  portions  of 
tfie  dix"ided  muecle  as  well  as  the  skin.  The  amount  of  muscle 
removed  should  be  proportionate  to  the  severity  of  the  ptosis. 
The  mere  excision  of  a  strip  of  integument  from  the  upper  lid 
is  of  no  use. 

t>r,  B.  Pagmstfdier's  operation  for  ptoais  was  brought 
before  the  notice  of  the  International  Congress  by  him  in  1881. 
It  claims  to  bring  the  action  of  the  occi  pi  to-frontal  is  muscle  to 
benr  upon  the  upper  lid  by  means  of  a  subcutaneous  cicatrix. 
It  it  ]ierformed  as  follows ; 

I.  Operation  for  complete  ptosis. — A  needle  armed  with  a 
thick  thread  is  introduced  beneath  the  skin  about  2  cm,  above 
the  RuptBciliaiy  edge,  and  2  mm.  to  the  outer  side  of  its  middle 
line.  It  is  then  guided  downwards  and  inwards  beneath  the 
•kin,  and  brought  out  about  the  middle  of  the  ujiper  lid  close 
to  its  ciliary  margin.  The  ends  of  the  thread  are  then  tied  in  a 
tot,  and  moderate  tension  is  made.     The  tension  is  gradually 
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increased  day  by  day,  so  as  to  make  it  cut  its  way  through  the 
ekin,  by  drawing  it  tighter.  The  inflammatory  symptoms  are 
comparatively  slight.  The  ecar  ia  not  extensive.  One  ligature 
generally  suffices,  but  two  may  be  required. 

II.  Operation  for  partial  ptosis  is  a  modification  of  the 
above.  A  strong  threud  is  armed  with  a  needle  at  each  end.  One 
needle  is  then  introduced  beueuth  the  skin  of  the  upper  lid 
parallel  to  its  ciliary  border  for  about  1  mm.  or  2  mm.  At  the 
jioint  of  esit  the  same  needle  is  agiiin  introduced  and  carried 
beneath  the  skin,  but  over  the  tarsus,  and  again  brought  out 
about  '2  cm.  above  the  supraciliary  arch  and  2  mm.  external  to 
its  middle  line.  The  second  needle  is  tlien  introduced  at  the 
point  of  entry  of  the  first  needle,  directed  upwards,  and  brought 
out  at  the  same  jwint  of  exit  above  the  supraciliary  arch.  The 
two  threads  are  then  tied  together  and  moderately  tighteneti, 
thus  forming  a  subcutaneous  ligature,  which  must  be  left  a 
longer  or  shorter  time,  and  in  extreme  cases  may  be  allowed 
to  entirely  cut  its  way  out.  By  this  means  a  subcutaneous 
cicatricial  band  is  produced,  which.  Dr.  Pagensteeher  main- 
tains, will  transmit  the  action  of  the  occipito-frontaUs  to  the 
upper  lid. 

Trifitaiaais,  Bistichiaiis,  and  Entropion  are  all  modificatioiis  of 
the  same  affettion  of  the  eyelids.  In  /WcAia* is  the  eyelashes  are 
inverted  so  as  to  rub  against  the  surface  of  the  globe ;  the 
Dumber  of  the  lasbes  which  are  thus  turned  in  x'aHes  from  one, 
two,  or  three  to  the  whole  number.  In  distichiasis  ther« 
appear  to  be  supplementary  rows  of  cilia  devetoiied,  which  are 
also  incurved;  this  development  ia  generally  attended  with 
more  or  less  thickening  of  the  free  edge  of  the  eyelid.  In 
tmtrupiuii  there  is  inversion  of  the  lid  as  well  as  the  cilia. 
The  amount  of  inversion  \-ariea  from  a  alight  incurvation  to 
com])lete  reduplication,  so  that  the  cilia  are  in  contact  nith 
the  upper  eul-de-sac.  Entropion  may  be  acute  (spasmodic)  or 
chronic.  The  acute  form  is  common  in  old  people  after  an 
operation  on  the  eye.  Tlie  clironic  is  usually  due  to  cicatrisa- 
tion of  the  inner  surface  of  the  lid. 

CausM.— The  most  common  cause  of  nil  these  atTeetions 
is  chruiiic  granular  conjunctivitis,  whit-h,  having  been  imper- 
fectly cured,  has  been  followed  by  contraction  of  the  conjunolival 
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9tu^tW  of  the  lid.  Sometimes  tliey  are  due  to  contraction  of 
tUe  siihincter  orbiculariB,  They  may  be  the  result  of  injuries 
of  the  conjunctiva,  bvceratioos,  burce,  >&c. 

Trtatment. — For  trichiasis  :  (1)  When  the  number  of  in- 
curved cilin  is  small  they  may  be  removed  by  e))ilatioQ  forceps. 
Kach  lash  should  be  firmly  seized  close  to  its  base  and  pulled 
out  steadily.  They  will  probably  recur  after  a  few  weeks,  and 
maybe  Bulijected  to  the  same  treatment.  Incase  of  a  third 
i>r  fourth  recurrence,  some  method  of  destroying  the  incurved 
laches  should  be  adopted.  Various  methods  are  employed  for 
this  purjwse.  Tliose  of  GalUard  and  of  Herzenstein  consist 
in  Eurrounding  the  roots  of  the  incurved  lashes  by  a  tight 
mbcutnneous  ligature  of  fine  silk,  thus  causing  ulceration  and 
obliteration  of  the  follicles  of  the  cilia.' 

Operation. — The  eye  being  protected  by  a  horn  spatula, 
a  needle,  which  can  be  armed  near  its  point  with  the  ligature 
{ see  fig.  5),  is  introduced  at  the  margin  of  the  eyelid  just  below 
the  lashes  which  are  to  be  strangulated,  say  at  a,  and  passed 
»ubcutaneously  to  a  point  u,  two  or  three  millimetrea  above,  the 
ligature  is  secured  at  B,  and  the  needle  withdrawn,  it  is  then 
irnaded  and  passed  subcutaueoualy  from  ii  to  c.     The  two 
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Mb  of  the  ligature  at  A  and  c  have  now  to  be  tightly  tied 
l^ether  so  as  to  include  the  offending  lashes,  and  its  ends  cut 
«hort.  Water  dressing  should  be  applied,  and  the  ligature 
■Uowed  to  come  away  of  ita  own  accord. 
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(2)  The  galvano-punctiire  haa  beea  successfully  used  in 
destroying  aberrant  lasLes  of  this  description  by  Dr.  Benson,  of 
Dablin. 

(3)  In  more  severe  cases  of  trichiasis,  the  whole  ciliary 
margin  of  the  eyelid  sliould  be  shifted  away  from  the  cornea. 

Arlt's  method  of  doing  this  is  as  follows:  A  smalt  donble- 
edged  straight  knife  is  inaertedat  one  or  other  end  of  the  eyelid 


Fla.  fi. — Lfnea  of  IncisioD  in  Arlt'«  Ope: 


between  the  cilia  and  the  meibomian  ducts,  and  its  jwint  i»t 
made  to  come  out  through  the  akin  about  two  millimetres  above 
the  lashes.  It  is  then  made  t^  cut  its  way  along  the  whole 
length  of  the  edge  of  the  lid  (see  fig.  fi),  and  thus  forms  a 
bridge  of  tissue  containing  the  lashes  only.  A  second  incision 
is  now  made  from  the  two  extremities  of  the  first  curving 
upwards  to  the  extent  of  three  or  four  millimetres.  This  fonns 
a  semilunar  flap  on  the  upper  lid  which  must  be  dissected  off. 
The  bridge  of  skin  containing  the  cilia  has  now  to  be  shifted 
upwards,  and  its  upper  edge  attached  by  sutures  to  the  skin  of 
the  lid,  its  lower  edge  being  left  free.  Simple  water  dresfing 
is  all  that  \»  necessary. 

Another  method  of  dealing  with  extensive  trichiasis  is  that 
ot  scalping.  The  whole  ciliary  margin  of  the  lid  is  dissected 
away.     The  practice  is  becoming  obsolete. 

Entriiphn,  (1)  When  fpamnodic  is  generally  relieved  by 
excising  a  strip  of  the  skia  and  orbicularis  muscle  from  iha 
whole  length  of  the  lid,  [latallel  to  its  margin.     The  width  of 
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tlie  flap  to  be  removed  must  vary  according  to  the  laxity  of 
thi*  tissue,  which  19  generally  great  in  these  cases.  The  edges 
of  the  vtmnd  are  united  by  sutures,  and  water  dressing  applied. 
(2)  Wh^n  chronic  it  may  be  treated  by  either  of  the  follow- 
iug  methods. 

A.  By  Arlt'i  method  of  transplanting  llie  ciliary  border,  which 
U  ihe  same  as  that  just  described  for  trichiasis  (fig.  6,  p.  18). 

B.  By  Streatfeild'i  operation  for  '  grooving '  the  tarsus. 
Tills  is  beat  described  in  Mr.  Streatfeild's  own  words.  'The  lid 
is  held  with  compressing  forceps  (tig.  4,  p.  H),  the  flat  blade 
paused  under  the  lid,  and  the  ring  lised  ujion  the  skin  so  as  to 
make  it  tense,  and  expose  the  edge  of  the  tid.   An  incision  with 


Kias.  T  Mid  8. 
The  Slrealfeild-SoeUea  Operation  for  Entropion, 

I  Bciiliiel  is  made  of  the  desired  length,  just  through  the  skin, 

;  the  yialpebral  margin,  at  a  distance  of  a  line  or  Ices,  ra 

■  to  expose,  but  not  to  divide,  the  roots  of  the  lanhes ;  and 

D  just  beyond  them  the  incision  is  continued  down  to  the 

titage  (the  extremities  of  this  wound  are  inclined  towards 

'  edge  of  the  lid) ;  a  second  incision,  farther  from  the  pril- 

1  margin,  is  made  at  once  down  to  the  cartilage  in  a  similar 

Irection  to  the  first.,  and  at  a  distance  of  a  line  or  more,  and 

Ptntng  it  nt  both  extremities ;  these  two  incisions  are  then 

linued  deeply  into  the  cartilage  in  an   oblique  direction 

»  each  other.     With  a  pair  of  forceps  the  strip  to  be  ex- 

1  i»  seized,  and  detached  with  the  scalpel." '     Three  sutures 

'  n.O/r.  JtrjHrrfj,  vol.  i.  p.  125. 

c3 
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are  tben  introdiicert  as  follows.  A  small  cur\ed  needle,  armed 
with  fine  silk,  ie  jmssed  first  through  the  lower  edge  of  the 
skin  wound,  then  through  the  upper  edge  of  the  groove  in  the 
tareus,  and  the  two  ends  tied  tightly  together.  The  upper 
edge  of  the  skin  wound  is  thus  left  free,  and  unites  very  well 
without  sutures.  This  operation  gives  excellent  residls.  It 
hai!  been  slightly  modified  by  Snellen,  who  makes  the  groove  in 
the  cartilage  rather  higher  up,  and  uses  a  dift'erent  form  of 
suture.  Three  sutures  are  used  (see  figs.  7  and  8).  A  fine 
silk  suture  is  passed  through  the  upper  edge  of  the  groove  in 
the  tJiTBus  for  about  one  millimetre.  It  ii^  armed  at  each  end 
with  a  needle  ;  these  needles  are  then  passed  through  the  lower 
tilge  of  the  skin  wound,  just  above  the  cilia  j  their  distance 
ajtart  should  lie  about  four  millimetres.  All  the  sutures  being 
similarly  introduced,  a  glass  bead  ie  jiassed  over  the  end  of 
each,  and  they  are  all  tightened  together  by  gentle  traction, 
iind  then  each  suture  tied. 

EctTDpion  is  that  cjndition  in  which  the  eyelid  is  everted 
and  its  conjunctival  surface  exi>used.  It  most  commonly  affects 
the  lower  lid.  It  may  be  partial  or  complete,  and  the  eversion 
may  cause  displacement  of  the  lower  punctum  lacbrymale, 
drawing  it  so  much  away  from  the  globe  as  ta  prevent  the 
tears  from  entering  it.  The  exposed  conjunctiva  is  always 
more  or  less  thickened. 

Caitses, — An  acute  form  of  ectropion,  due  to  tumefaction  of 
the  conjunctiva,  is  sometimes  met  with  iu  ophthalmia  neo- 
natorum, in  which  the  lids  become  everted  on  the  orbicularis 
muscle  being  called  iulo  netion,  as  in  crying,  &c.  Chronic 
forms  are  generally  caused  by  cicatrices  of  the  skin  of  the 
eyelid  or  neighbouring  parts  following  wounds,  bums,  scalds, 
abscess,  ulceration,  &c 

TreatTtieiit  must  vary  with  the  cause  of  the  eversion. 

1.  In  the  acuti'  form  effurts  mufl  be  nuide  to  reduce  thtf 
inflammation  of  the  conjunctiva  by  leecheii,  scarification,  com- 
presses of  lint  dipped  in  iced  water,  or  even  the  excision  of  a 
jKjrtion  of  the  mucous  membrane  with  ncissors. 

2.  When  tliere  is  persistent  eversion  of  the  lower  puocfum 
Inchryniale  the  lower  canaliculus  should  be  slit  up  and  kept 
open. 
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Sr.  Argyll  fiobertson's  metliod  is  well  sitited  for  cases  of 
I  et-tropion  of  the  kiwbr  lid  in  old  people,  in  which  the  codj'udc- 
tiva  is  tbickeneil  and  Ihe  tissues  of  the  face  las.  Each  end  of 
B  stout  ligature,  armed  with  a  needle,  is  passed  from  without 
iuwards  through  the  luaigin  of  the  eyelid,  the  punctures  being 
about  a  centimetre  apart.  In  thia  way  a  loop  is  left  externally 
iKirallel  with  the  edge  of  the  lid.  Each  end  ia  then  thrust 
i.  Uirtiiigh  the  lower  eul-de-sac  and  made  to  emerge  upon  the 
cheek  well  below  the  eyelid. 

The  oprrator  now  takes  a  piece  of  sheet-lead,  shaped  and 

moulded  to  resemble  the  normal  tarsus,  this  he  places  in  the 

conjunctival   cul-de-sac,   beneath   the   ligatures,   so   that,   on 

I  tightening  the  latter,  the  lid  is  moulded  to  the  lead,  and  lead 

(  nod  eyelid  are  together  drawn  towards  the  eye.     A  stout  piece 

cf  dnunage  tube  is  now  placed  beneath  the  external  loop,  and 

'  the  ends  of  the  ligature  tied  over  it  below ;  this  prevents  the 

I  vlkio  being  cut,  and  by  its  elasticity  nllows  a  certiiin  amount  of 

I  »W4.-lliiig  to  occur.     After  about  ten  days  the  ligatures  are  cut 

and  removed,  when  a  considerable  improvement,  and  often  a 

I  complete  core,  will  be  found  to  have  been  effected. 

3.  When  the  edge  of  the  lid  has  become  elongated  as  well 
I  Bd  everted  Adam's  operatioa  may  be  performed.     This  consists 


Fia.  a.— Adam*  OperMion  for  Eclropion. 


[  a  triangular  wedge  from  the  whole  thickness  of 
d  (see  fig.  9).  The  base  of  the  triangle  must  be 
t  of  the  lid  ;  its  width  mny  vary,  according  to  cir- 
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cuinstances,  between  5  and  10  mm.  The  sides.of  the  triangle 
should  be  from  10  to  20  mLn.  The  edges  of  the  wound  are 
brought  together  by  a  fine  pin,  and  cecured  by  one  or  two 
BUtures.  Tliis  operation  is  often  more  advantageouely  jjerformed 
near  the  outer  canthns. 

4.  When  the  eversion  is  due  to  contraction  of  neigbbourinfj 
cicatricea  on  the  face,  the  nature  of  the  operation  must  dej>end 
upon  the  Bite  and  extent  of  the  lesion,  and  much  scope  is  often 
afforded  for  the  exercise  of  ingenuity  on  the  part  of  tlie 
surgeon. 

In  all  such  cases  no  plastic  operation  should  be  attempted 
until  the  skin  of  the  affected  [kuI  has  as  far  as  possible  re- 
covered from  the  injury.  It  sometimes  requires  six  mouths  or 
more  for  the  hardness  and  thickening  of  the  skin  and  sub- 
cutaneous tissue  to  have  passed  away.  The  variety  of  plastic 
ojterations  jierfomieil  for  ectropion  is  very  great;  those  of 
Wharton  Jooes  and  of  Dieffenhach  will  serve  as  examples. 

Wharton  JoBes  Operation. — The  eye  is  to  be  protected  by  a 
horn  spatula  placed  beneath  the  lower  lid.    A  V-''littpfid{fig,  10) 


*^^^ 


Fig.  Il,~Cflnfa«lag«.) 


incisiou  is  to  be  made  with  a  small  scalitel,  including  as  iiir  as 
|K>ssible  the  cicatricial  lissue ;  the  flap  thua  formed  is  to  be 
diBsected  from  th«  subjacent  parts  sufficiently  to  enable  the  lid 
to  be  prcHsed  tijtininls  to  its  normal  position.    There  theu 
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raw  surface,  which  is  to  be  covered   by  bringing 
[ether  the  edges  of  the  V-^l"ip^d  wouDd  by  means  of  fine 
i  iu  sQch  a  manner  that  the  V-shaped  incision  becomes 
'-shaped  (see  fiys.  10  and  11). 

in  DteSenbaoh's  operation  the  diseased  tissue  la  dissected 
raj  by  a  tri;iiigiil;ir  incision,  which  has  its  base  at  the  lower 


Fiii.  13,— (second  «age.> 


;  a  flap  of  skin  of  equal  size  is  then  marked  off  from  the 

mediate  neighbourhood  (see  tig.  12).     This  is  loosened  by 

reful  dissection  and  then  glided  on  to  the  recently  exjiosed 

!&ce  beneath  the  lower  lid.     It  is  then  kept  in  position  by 

B  Iiare-Up  pins  and  sutures,  as  shown  in  fig.  13.     In  slight 

I  the  sm^e  from  which  the  new  skin  has  been  removed 

I  becomes  covered  over  by  growth  from  the  edges  of  the 

wound ;  but  when  a,  large  surface  is  thus  exposed,  skin  grafts 

should  be  made  from  other  ports  of  the  body, 

Wolfe*!  Openttion. — The  operation  for  the  transplantation  of 
Q  en  Tnaase  in  the  treatment  of  ectropion  and  other  deformi- 
I  of  the  eyelids  has  been  somewhat  extensively  practised 
;  thu  hist  few  years.  Professor  Wolfe,  in  his  recent  work,' 
s  very  fiivourably  of  this  method,  which  he  brought  before 
I   notice  of  the   profession   in    1875.     Since   that   time   u 

'  /Mw-oo-t  aud  Injuriii  ••/the  Syr.  bj  J.  B.  Wolfe,  M.l).      1881i. 
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number  of  succeasfal  casea  }iave  been  reported.  It  is  particn- 
larly  valuable  in  all  cases  where  skin  is  required  to  replace 
cicatricial  tissue,  sach  as  that  which  so  often  follows  bums  of 
the  cheek  and  eyelids.  The  operation  is  long  and  tedious; 
like  all  blephnroplastie  proct-dnres,  it  requires  great  care  and 
ingenuity  on  the  part  of  the  surgeon. 

1.  The  mucous  membrane  is  to  be  pared  from  the  margins 
of  both  eyelids,  and  the  raw  surfaces  thus  produced  are  to  be 
brought  into  apposition  and  united  by  four  fine  silk  sutures,  in 
order  to  produce  temporary  ankyloblepharon.  The  eyelashes 
shoidd,  if  possible,  be  undisturbed. 

2.  The  affected  eyelid  is  then  to  be  liberated  from  the 
cicatricial  tissue  by  an  incision  through  the  skin  along  its  whole 
length,  parallel  to,  and  about  2  mm.  from,  its  ciliary  border. 
The  contracted  skin  in  then  to  be  loosened  by  subcutaneons 
incision,  so  as  to  form  a  semihmar  raw  siu"faee,  or,  if  quite 
deformed  and  useless,  it  had  better  be  dissected  away.  The 
bleeding  from  the  surface  thus  exposed  is  to  be  entirely  stopped. 

3.  A  piece  of  skin  of  simitar  shape  and  about  one-third  larger 
in  each  diameter  of  the  exposed  surface  is  now  to  be  carefully 
dissected  from  some  other  part  of  the  body  of  the  patient,  or  of 
imother  person.  The  inner  side  of  the  arm,  the  front  of  the 
forearm,  the  front  of  the  leg,  and  the  foreskin  are  all  convenient 
parts  for  this  dissection,  wbicb  should  be  made  as  far  as  jMissible 
without  removing  subcutaneous  connective  tissue  and  fet. 
Before  detaching  the  flap  of  skin  which  is  to  be  transplanted, 
it  is  well  to  pass  three  or  four  sutures  into  different  iwints  at 
its  margin,  otherwise  it  shrivels  up  in  such  a  manner  that  it 
cannot  be  opened  out  without  difficulty  and  loss  of  time.  The 
same  sutures  can  be  used  to  secure  it  in  its  new  position. 

The  object  of  making  the  flap  so  much  larger  than  the 
surface  is  that  it  contracts  immediately  after  removal,  aa  well 
as  aft«r  union.  As  noon  as  removed  it  is  to  be  tninitpnspd,  and 
secured  in  its  new  position  by  numerous  fine  silk  sutures. 

4.  Various  methods  of  dressing  are  recommended.  IVo- 
fessor  Wolfe  recommends  the  application  of  lint  snaked  in  hot 
wnt«r  for  a  few  minutes  after  the  oiM'ration,  and  finally  dressing 
with  warm  moist  lint  covered  over  with  dry  lint,  guttfl-iH-rcba 
tissue,  and  bandage.     The  plan  I  have  adopted  with  success  is 
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lo  apply  first  a  piece  of  goidtieater's  skin,  then  a  dosnil  of  dry 
lint,  and  over  these  a  large  pad  of  dry  and  warm  cotton-wool  and 
a  bandage.  The  dressings  should  be  carefully  removed  once 
daily.  The  eyelids  can  remain  united  for  a  longer  or  shorter 
period  according  to  the  nature  of  the  case.  When  their  union 
19  considered  to  be  no  longer  conducive  to  the  prevention  of 
aversion  of  the  lid,  they  can  be  carefully  separated  by  incision 
with  a  fiharp  scalpel  on  a  grooved  director. 

Skin  grafting  has  in  my  experience  been  of  greater  utility 
than  either  of  the  foregoing  operations.  The  plan  I  adopt  is 
to  loosen  the  unhealthy  skin  by  subcutaneous  section,  and  to 
shift  it  upwards  so  as  to  liberate  the  eyelid  from  its  traction. 
If  the  tissue  is  very  much  diseased  I  remove  it  altogether  by 
dissection.  Wiiter  dressing  is  then  applied  for  one  or  two  days 
to  the  exposed  surface  with  the  object  of  inducing  a  condition 
of  healthy  gninulation.  As  soon  as  the  surface  looks  red  and 
clenn  I  make  numerous  small  grafts  of  skin  from  some  other 
jiart  of  the  patient's  body,  preferably  from  the  front  of  the  fore- 
arm. In  order  to  detach  these  grafta  from  the  forearm  I  pass 
■A  flat  surgic.ll  needle  just  beneath  the  true  skin,  so  as  to  raise 
a  bridge  of  about  2  mm.  This  bridge  is  cut  through  at  each 
end  by  small  thin  scissors,  and  can  be  transferred  to  the  raw 
surface.  No  scar  is  left  on  the  arm,  nor  is  there  any  great 
p«dn  rauB«l  by  the  process.  The  more  grafts  thus  made  the 
greater  is  the  success  of  the  ojieration.  If  the  first  batch  does 
Dot  mcccedf  other  attempts  must  be  made.  As  soon  as  the 
gmfltng  is  completed  a  piece  of  goldbeater's  skin  is  placed  over 
the  patch,  then  a  piece  of  dry  lint,  and  this  is  secured  by  good 
■trapping.  Tlie  jnitient  should  remain  as  quiet  as  possible  after 
the  ojieration,  and  should  be  cautioned  not  to  rub  the  part 
■hoold  it  be  irritable.  The  stra]>ping  and  lint  should  be  care- 
fully removed  once  daily,  and  the  condition  of  the  grafts 
examined  through  the  tninsi«\rpnt  goldbeater's  skin.  The 
gnni  at  firrt  have  «  white  sodden  appearance,  but  on  the 
•econd  or  third  day  they  become  pink,  and  increase  rapidly  in 
all  directions. 

Epioanthtu  is  a  congenital  deformity  in  which  a  crescentic 
fold  of  akin  projects  in  front  of  the  inner  canthns.  It  is 
generally  symmetrical,  giving  a  brosid  appearance  to  the  root  of 
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the  nose.  By  jiinching  up  the  skin  at  the  root  of  the  nose  the 
epicanthua  can  be  made  to  disappear.  It  generally  improves 
as  the  child  grows  and  the  bones  of  the  face  become  developed. 
Vision  is  not  interfered  with.  Operative  interference  is  seldom 
required  except  for  cosmetic  purposes,  and  should  not  be  adopted 
during  childhood. 

When  required  it  is  simply  necessary  to  remove  an  oval 
flap  of  skin  from  the  median  line  over  the  root  of  the  nose,  the 
size  of  which  must  vary  with  the  extent  of  the  deformity,  and 
to  bring  the  edges  of  the  wound  together  by  sutures. 

ContueionB  are  veiy  common  and  may  vary  from  slight  red- 
ness to  severe  cutaneous  and  subcutaneous  ecchymoses  ('  black- 
eye').  They  are  not  unfrequenlly  accompanied  by  other  more 
serious  lesions  of  the  globe,  or  of  the  orbit.  The  absorption 
of  the  ecchymosis  in  '  black-eye  '  is  often  hastened  by  the  use 
of  cold  water  compresses  or  of  evaporating  lotions. 

WouLds  when  inaiged  or  lacerated  should  have  their  edges 
brought  into  exact  apposition  by  fine  sutures.  Great  attentioa 
should  be  given  in  these  cases  to  the  position  of  the  punc<» 
lachrymalia,  as  the  slightest  eversion  of  these  from  the  globe 
is  sufficient  to  interfere  with  the  natural  flow  of  tears.  When 
wounds  are  penetrating,  the  condition  of  the  globe  and  of  the 
orbit  should  be  carefully  examined.  They  heal  with  great 
rapidity.  A  pad  uf  liut  and  a  light  bandage  should  be  applied 
iti  either  of  the  at»ve  cases.    * 

Bums  and  icalds  of  the  eyelids  require  similar  treatment  to 
(hat  employed  lu  other  jiarts  of  the  body.  In  case  of  destrao* 
tion  of  tissue  great  care  should  I>e  exercised  to  keep  the  lids 
from  uniting  to  each  other  by  their  edges  (ankyloblepharon), 
and  to  prevent  the  ocular  and  palpebral  portions  of  the  con- 
junctiva from  becoming  adherent  (symblepharon).  Bums  from 
quick-lime  are  of  frequent  occurrence ;  the  eyelids  should  be 
well  evertfd  and  carefully  washed  with  cotton-wool  aud  water, 
a  little  castor  oil  and  atropine  should  then  be  dr<ip]ie<l  into  the 
{lalpehral  aperture,  aud  a  compress  of  lint  and  a  light  bandage 
itp|ilied.  The  eye  should  Jiflervrards  be  examined  daily  and 
any  adhesions  broken  down  with  a  probe. 

Ankyloblepharon  signifles  the  adhesion  of  the  ciliary  margins 
of  the  eyelids.     It  may  be  congenital  or  acquired,  complete  or 
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partial.  It  often  accompanies  and  is  produced  by  the  same 
cause  as  symblepharon.  Tiie  adhesion  is  rarely  so  complete  as 
to  involve  the  entire  edges  of  the  lids ;  it  usually  only  occupies 
their  outer  half;  even  io  the  most  complete  cases  a  small 
opening  usually  exists  near  the  inner  canthus,  through  which 
the  tears  and  mucus  can  escape.  The  treaittieni  consists  in 
dividing  the  cicatricial  structures  which  hold  the  hds  together. 
To  do  this  a  grooved  director  should  first  be  passed  behind  the 
lids,  and  the  iuciaion  made  with  a  small  scalpel. 

flymblepliaroa  is  the  nbnormal  adhesion  of  the  eyelids 
to  the  globe.  It  is  usually  caused  by  burns  or  injuries,  but 
oceaaiwDally  follows  granular  and  diphtheric  conjunctivitis. 
Symblepbaron  may  be  partial,  consisting  of  one  or  more 
bandB  of  cicatricial  tissue  estending  from  the  conjunctiva  of 
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the  lid  to  that  of  the  globe,  and  thus  forming  a  bridge  of  tissue 
health  wliich  a  probe  can  be  passed ;  or  it  may  be  complete, 
tliat  is,  the  entire  surface  of  the  affected  [xtrtion  of  the  lid^ 
becomes  united  to  the  globe.  The  lower  lid  is  most  commonly 
adhBreut;  in  severe  cases  this  becomes  united  to  the  cornea, 
thus  produciog  great  deformity,  limitation  of  the  upward  and 
lateral  movements  of  the  globe,  and  jiartial  or  total  loss  of 
vivioa  (see  lig.  14). 

TreatTHent. — In  the  simpler  forms  of  partial  sj-mblepbaron, 
where  only  a  band  of  cicatricial  tissue  extends  from  the  paliie- 
bral  to  the  ocubtr  conjunctiva,  and  where  a  probe  can  be  passed 
beneath,  it  is  usually  sufficient  to  euip  away  the  adhesion 
cl(MC  to  both  surfiices  with  scissors,  and  to  keep  Ihe  raw  sui- 
faces  from  uniting  by  separating  tht-m  with  ii  probe  every  day. 
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\\1ien  more  extensive  adhesions  exist  we  must  have  reeoors*  | 
to  other  procedures. 

1.  Teale'i  operation  consists  in  the  dissection  of  the  adherent 
lid  from  the  globe,  so  that  the  latter  can  move  freely  in  all 
directions.  This  done,  the  neighbouring  healthy  conjunctiv 
is  utilised,  by  dissection  and  stretching,  so  as  to  form  flaps 
to  cover  the  ocular,  and,  if  possible,  the  pa]i>ebral  surface; 
Numerous  fine  Bilk  sutures  are  used  to  draw  the  edges  of  th« 
new  flaps  together.  Various  modifications  of  this  operation  are 
performed  by  different  surgeons. 

2.  Profeuor  Wolfe  has  introduced  an  operation  fur  trani 
plantation  en  masse  of  portions  of  conjunctiva  from  the  eye  of 
a  living  rabbit,  in  lien  of  transferring  portions  of  conjunctiva 
from  one  part  to  another  of  the  same  eye.     He  thus  describes 
the  operation :  "  I  put  the  patient  and  two  rabbits  under  chloro- 
form, one  of  the  latter  being  kept  in  reserve  in  case  of  accident, 
then  separate  the  adhesions,  so  that  the  eyeball  can  move  in  evi 
direction.   Next,  I  mark  tlie  boundary  of  the  portion  of  the  con" 
junctiva  of  the  rabbit  which  I  wish  to  transplant,  by  ioserti: 
fiiur  black  silk  ligatures,  which  I  secure  with  a  knot,  leaving  thi 
needles  attached  ;  those  black  ligatures  indicate  also  the  ejiithe*. 
lial  surface,  which  would  be  very  difficult  to  distinguish  afti 
separation.   I  take  from  the  rabbit  that  [wrtion  of  the  conjunctivi 
which  lines  the  inner  angle  covering  the  'membrana  nictitans,* 
and  extending  as  far  as  the  cornea,  selecting  this  on  accounU 
of  its  vascnlarity  and  looseness.     The  ligatures  being  put 
the  stretch,  I   separate  the  conjunctiva  lo  be  removed  with 
scissors,  and  transfer  it  quickly  to  replace  the  lost  conjunctiva 
palpebrat  of  the  |>atient,  securing  it  in  its  place  by  means  of 
the  same  needles,  and  adding  other  two  stitches,  or  more  if  r&- 
ijuisite.     Both  eyes  are  then  covered  with  a  bandage  and  dry 
lint.     For  the   first  forty-eight  hours  the  conjunctiva  has  a 
greyish  look,  but  it  gnidnally  hises  that  api>earance,  ftod  with' 
the  exception  of  some  isolated  patches  here  and  there,  become*.] 
glistening,   in    some   juirts    looking    not   unlike   conjunctival] 
thickening.     These  jmtches  gnulimlly  decrease  nntil  the  whda^j 
ni(Hume>i  a  red  appearance.    Should  any  irritation  Bet  in,  I  applj 
warm  water  fouentattons,' 
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CHAPTER  11. 

THE  AFFECTIOXS  OF  THE  LACHRYMAL  ^APPARATUS. 

ANATOMY  AND  PHYSIOLOGY— DISEASES  OP  LACHRYMAL  GLAND— INFLAM- 
MATION —  HYPERTROPHY  —  SARCOMA  —  EXTIRPATION— CYSTS  -  FISTULA 
OP  GLAND— DISPLACBMKNT  OF  PUNCTA— SLITTING  UP  CANALICULUS- 
PROBING— OBSTRUCTION  OF  CANALICULI  AND  OF  NASAL  DUCT— ABSCESS 
OF  LACHRYMAL  SAC— FISTULA  OF  SAC. 

Anatomy  and  Physiology. — The  lachrymal  apparatus  consists 
of  the  lachrymal  gland  and  its  excretory  ducts,  the  lachrymal 
canaliculi,  the  lachrymal  sac,  and  the  nasal  duct. 

The  lachrymal  gland  is  placed  in  the  upper  and  outer  part 
of  the  orbit,  a  little  behind  its  anterior  margin.  It  consists 
of  a  large  superior  and  a  small  inferior  portion.  The  larger 
portion  is  about  2  cm.  in  length,  1  cm.  in  breadth,  and  0*5  cm. 
in  thickness ;  it  is  lodged  in  a  depression  in  the  orbital  plate  of 
the  frontal  bone,  to  which  it  adheres  by  fibrous  bands.  The 
smaller  portion  is  separated  from  the  larger  by  connective 
tissue,  it  is  closely  adherent  to  the  back  of  the  upper  eyelid, 
and  is  covered  on  its  ocular  surface  by  conjunctiva  (see 
fig.  15). 

From  both  portions  of  the  gland  there  proceed  numerous 
small  ducts — the  lachrymal  ducts — varying  from  seven  to  four- 
teen in  number ;  they  run  obliquely  under  the  conjunctiva,  and 
open  by  separate  orifices  into  the  fornix  conjunctivae  at  its  upper 
and  outer  part. 

The  lachrymal  gland  is  similar  in  structure  to  the  salivary 
glands  consisting  of  acini,  which  contain  cuboidal  cells  having 
a  large  nucleus.  In  the  centre  of  each  acinus  the  duct 
begins. 

The  nervous  mechanism  of  the  lachrymal  gland  is  very  com- 
plex.    A  flow  of  tears  may  easily  be  excited  in  a  reflex  manner 
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by  stimuli  applied  to  the  conjunctiva,  the  nasal  mucous  mem- 
hriine,  the  tongue,  the  optic  nerve,  &c.;  and  in  a  direct  manner 
b;  the  emotions. 


Dissccliofi  o(  llie  Ijaclirj'inal  A[iparn<us. 


The  lacbiTinBl  canaliculi  are  two  in  number,  situated  oii  the 
niin'gin  of  each  lid.  al  the  inner  ani;le.  Kach  commence*  by 
ii  small  aperture,  the  panotnm  laohryntale,  which  may  be  seen 
situated  on  a  slight  eminence  ({tapilla).  The  upi>er  canal  is 
rather  pmaller  than  the  lower,  it  first  ascend*  and  then  tuntfi 
downwards  and  inwards,  to  the  lachrymal  ^c.  The  lower  caoal 
first  descends,  and  then  runs  horizontally  to  the  sac.  They 
tinite  just  before  reaching  the  sac.  Near  the  puncttim  tJie 
diameter  of  each  cannliculus  is  about  0*5  mm.,  just  beyond  this 
it  becomes  sncldenly  dilated  to  1  mm.,  and  for  the  remaining 
two-thirds  of  its  course  it  is  about  0*6  mm.  Its  walls  are  ex- 
trt-mely  thin,  and  are  lined  by  jiavemcnt  epithelium. 

The  lachrymal  sao  is  the  upi>erdilatcd  iiortion  of  the  passaj^e 
which  conveys  the  learsfrom  the  lachrymal  canals  (o  thecavitv 
of  the  nose.  It  is  situated  in  a  deep  groove  formed  by  the 
lachrymal  and  sujwrior  maxillary  bones.  Its  ujiper  end  is  closed 
and  rounded,  and  its  lower  part  lai>ors  off  into  the  nasjd  duct. 
On  its  outer  side  and  rather  anteriorly  it  receives  the  canalicnii. 
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In  front  of  it  are  the  tendo  palpebrarum  and  some  fibres  of  the 
orbicular  muscle.  It  is  com]>08ed  of  fibrous  and  elastic  tissue, 
and  adheres  closely  to  the  bones.  It  is  lined  bj  ciliated 
epithelium. 

The  nasal  dnet  extends  from  the  lachrymal  sac  to  the  in- 
ferior meatus  of  the  nose.  The  osseous  canal  is  formed  by  the 
superior  maxillary,  the  lachrymal,  and  the  inferior  turbinated 
bones.  This  is  lined  bya  tube  of  fibrous  tnembmoe,  continuous 
with  that  of  the  lachrymal  sac,  aud  is  similarly  lined  with  ciliated 
epithelium.  At  the  entrance  into  the  inferior  meatus  there  is 
sometimes  an  im]ierfect  vah-ular  arrangement  of  the  mucous 
membrane.  The  length  of  the  duct  varies  with  the  develop- 
ment of  the  face.  Its  direction  is  downwards,  aud  slightly  out- 
wards, and  backwards. 

The  lachrymal  ucretion  is  a  faintly  alkaline  fluid  containing 
about  one  ]>er  cent,  of  solids,  of  which  a  small  part  is  proteid 
in  composition.  It  passes  by  the  lachrymal  ducts  into  the  sac 
of  the  conjunctiva,  where  it  serves  to  moisten  the  anterior  part 
of  the  eye.  Its  exit  from  the  sac  of  the  conjunctiva  is  eS'ected 
by  the  act  of  winking,  which  takes  place  at  frequent  internals. 
In  this  act  of  closure  of  the  hds  not  only  is  there  contraction 
of  the  paljiebral  portion  of  the  orbicularis,  but  also  of  those 
fibres  which  are  in  front  of  the  lachrymal  sac ;  thus,  the  pal]»e- 
brd  fissure  being  closed,  the  tears  are  pressed  successively 
through  the  puncta  lachrymalia,  the  canaUculi,  the  lachrymal 
and  the  nasal  duct  into  the  inferior  meatus  of  the  nose, 

src  tliey  are  evaporated  by  the  act  of  resiiiration. 


Krc  tliey  a 
rnffamma 


Diaeatea  of  the  Lachrymal  Oland. 
ition  of  the  lachrymal  glund  (dacryo-adenitis)  is  ex- 
tremely rare.  It  raay  he  acute  or  chronic.  In  the  acute  form 
therr  is  great  swelling  and  redness  of  the  upper  lid,  especially 
towards  the  outer  angle  of  the  orbit.  The  swelling  may  be  so 
great  aa  to  displace  the  globe  downwards  and  inwards,  in  which 
case  the  upward  and  outward  movements  of  the  eye  are  affected. 
The  conjunctiva  is  injected,  and  frequently  there  is  chemosis. 
Pain  is  severe,  of  a  throbbing  nature,  and  increaned  on  pre»- 
Hure.  It  may  terminate  by  resolution,  it  may  go  on  to  suppu- 
or  it  may  become  chronic. 


^^^ation,  or  it  i 
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Tlie  formatioQ  of  abscess  is  iiidicatud  by  increased  Icx-al 
redness,  swelling,  iiiu]  intensification  of  the  throbbing  ]>ain. 

In  ohronic  inflammation  uf  the  gland  there  is  also  consider- 
able swelling,  but  the  other  symptoms  of  the  acute  form  are 
less  severe.  Digital  examination  in  the  region  of  the  gland 
shows  it  to  be  distinctly  enlarged,  but  there  is  leas  redness  of 
the  skin  of  the  eyelid,  little  or  no  chemosis,  pain  is  slight,  and 
not  of  a  throbbing  nature  ;  and  there  is  scarcely  any  tenderness 
on  pressure.  ■ 

Causes. — Dacryo-adenitis,  whetheracute  or  chronic,  is  gene- 
rally caused  by  injury  to  tke  parts  in  the  region  of  the  gland. 
It  may  be  the  result  of  chronic  conjunctivitis. 

Treatment. — In  the  early  stage  the  acute  form  of  infiam- 
mation  .thould  be  combated  by  energetic  antiphlogistic  measures, 
such  as  the  local  application  of  several  leeches,  frequent  hot^water 
fomentations,  emollient  compresses  bandaged  on  and  kept  warm 
by  a  large  pad  of  cotton-wool.  When  suppuration  is  evidently 
established,  a  free  incision  should  at  once  be  made  by  plung- 
ing a  scalpel  into  the  most  prominent  jiart  of  the  swelling, 
the  point  of  the  knife  being  carefully  kept  away  from  the 
globe ;  the  incision  should,  if  iwssihle,  be  made  through  the 
conjunctiva  so  as  to  avoid  th&  formation  of  lachrymal  tistula  ; 
but  if  there  is  pointing  through  the  skin  of  the  upper  lid  this 
must  be  the  point  of  election.  Wlien  the  affection  is  chronic^ 
any  patent  cause  of  the  affection  should  be  as  far  as  possible 
removed.  The  application  of  an  ointment  of  mercury  and 
belladonna  to  the  stirrouiiding  surface  may  be  useful. 

Hypertrophy  of  the  1  ichrymal  gland  baa  been  occasionally 
seen,  but  is  very  rare,  most  of  the  cases  described  under  this 
name  t)eing  probably  sareomata.  It  is  characterised  by  the 
presence  of  a  circumscribed,  nodular,  somewhat  elastic  tumour 
in  the  region  of  the  gland.  It  is  not  painful  or  tender,  nor  is 
thervany  marked  swelling  of  the  upper  lid.  It  occurs  in  young 
subjects,  and  has  been  seen  shortly  after  birth,  it  always 
,  increases,  though  its  growth  is  usually  slow.  The  edge  of  the 
tumour  can  be  distinctly  felt  beneath  the  oibital  ridge,  oa  it 
gradually  rstcndx  over  the  tip[H>r  part  of  the  globe. 

PiUhuloijy. — These  tumours  do  not  present  the  microsoopio 
characters  of  simple  hypertrophy  of  gland  tissue.     Those  whicU 
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I  have  examined  have  preeeuted  tbe  appearance  of  fibro-sarcouia 
or  iide no-sarcoma. 

Treatment  of  a  palliative  nature  may  at  first  be  tried ; 
iodide  of  [wtasiiiuui  may  be  given  intenially,  and  absorbents 
applied  locaUy  to  the  surface ;  but  the  tumour  wilt  generally 
be  found  to  increase,  in  which  case  extir]>atiou  of  tbe  vhole 
mass  is  tbe  only  reliable  remedy. 

Operation  for  extirpation  of  the  laolirjrmal  gland.— Tbe  pa- 
tient is  to  be  fully  amcsthetiscd  ia  the  .-upiue  ]>osit.ion  upon  a 
roodemtely  high  table.  Instruments  required  are  a  small  scalpel, 
a  bom  sjiatula,  a  vulsellum  forceps,  cmrved  scissors,  toothed 
forceps,  and  artery  forceps.  The  oijcrator  should  stand  on  the 
patient's  rigbt,  his  assistant  on  the  patient's  left.  The  upjwr 
lid  is  to  be  drawn  down  until  the  lower  edge  of  the  eyebrow  be- 
comes on  a  level  with  the  edge  of  the  orbit.  Au  incision  is  then 
made  parallel  with  the  eyebrow  and  ijuite  close  to  itfl  lower 
part,  extending  from  the  middle  of  the  upper  edge  of  the  orbit 
as  fcr  as  its  outer  angle.  All  structures  are  to  be  divided  down 
to  the  periosteum.  The  fibrous  tissue  of  the  palpebral  liga- 
ment will  now  be  exposed,  and  must  be  carefully  divided  close 
la  the  edge  of  the  orbit  with  scissors  or  scalpel.  The  lachry- 
mal gland,  if  large,  will  how  present  itself  to  view ;  if  small,  it 
will  be  found  deeply  seat^  in  the  liu^hrymal  fossa;  in  either 
ca«e  it  must  be  firmly  seized  with  the  vulsellum  forceps  and 
disKected  from  its  surrounding  cutmective  tissue  with  scissors. 
The  dissection  should  be  ftcgun  from  the  orbital  surface  of  the' 
In  cleariog   it   from   its   oculiu*  relations  great  care 

old  be  taken  to  avoid  laceration  of  the  levator  paipebra 
The  edges  of  the  wound  are  to  be  brought  t/tgether  by 
be  iilk  or  catgut  sutures,  and  a  light  compress  of  dry  lint  ap- 
plied. The  antiseptic  methodof  operating  is  very  desirable  here. 

Cjnti  of  the  laehrymal  gland  sometimes  occur.  They  are 
mostly  due  to  obstruction  of  the  excretory  ducts,  but  sometimes. 
are  caused  by  hydatids.  When  present  they  may  be  felt  as  a 
■mall  tumour  of  from  1  cm.  or  2  cm.  diameter  in  the  upper 
and  outer  angle  of  the  orbit.  On  raising  tlie  upper  lid  they 
may  often  be  recognised  by  their  transparency  beneath  tbe 
coojonotiva. 

kTmUmeni. — Simple  punctm'e  through  the  conjunctiva  is 
L 
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sometimes  sufficifint  to  establish  a  cure,  but  it  is  better  to 
remove  a  flmall  portion  of  the  wall  of  the  cyst  In  addition  to 
the  puncture.  Some  surgeons  prefer  to  pass  a  ligature  of  silk 
through  the  cyst,  which  ia  gradually  tightened,  and  finally 
ulcerates  through ;  others  recommend  extir^jation  of  the  lachry- 
mal gland. 

Fistula  of  the  lachrymal  gluid  is  usually  the  result  of  injury 
or  of  abscess.  A  small  opening  exists  in  the  skin  near  the  upper 
and  outer  angle  of  the  orbit  through  which  the  tears  almost 
constantly  escape.  The  flow  of  tears  through  this  abnormal 
passage  may  be  increased  by  irritation  of  the  conjunctiva. 

Treatment. — The  edges  of  the  opening  will  sometimes  unite 
by  the  appUcation  of  solid  nitrate  of  silver  every  few  days,  or 
by  the  introduction  of  a  wire  of  the  thermal  cautery  at  a  dull 
red  heat.  These  measures  may  be  assisted  by  preriously 
establishing  an  artificial  opening  into  the  sac  of'the  conjunc- 
tiva by  the  introduction  of  a  seton  in  the  region  of  the  laeliry- 
mal  ducts.  Some  cases  are  obstinate  and  require  ultimate 
entirpalion  of  the  gland. 

Affections  of  the  drainage  system  may  be  classified  as  those 
of  the  puncta  lachrymalia,  those  of  the  canaliculi,  and  those  of 
the  lachrymal  sac  and  nasal  duct.  In  each  of  these  affections 
{■(tckrymalion,  or  overflow  of  tears  (epiphora),  is  a  troublestHne 
symptom,  which  is  always  aggravated  by  exposure  of  the  eye 
to  cold  or  wind,  or  by  any  cause  which  would  increase  the  secre- 
tion of  the  lachrymal  gland. 

Displaeemeiit  of  the  piuotam  of  the  lower  lid  is  a  not  nn- 
frequent  cause  of  lachrymation.  It  occurs  in  elderly  people 
in  whom  the  orbicularis  muscle  has  become  relaxed,  so  that 
the  lower  lid,  with  its  puactum,  falls  away  from  its  proper 
n]iposilion  to  the  globe.  The  punctum  is  often  drawn  out- 
wards in  cases  of  ectropion. 

Treatment. — This  must  varywith  the  caoseof  the  eversion, 
and  its  degree.  If  the  punctum  cannot  be  restored  to  its  proper 
position  the  best  method  of  restoring  conduction  of  the  tears 
into  the  lachrymal  sac  is  by  slitting  up  the  lower  canaliculus, 
so  that  they  may  enter  its  chniinel  nearer  tlie  sue. 

Operation  for  lUttittg  up  the  lover  oanalioaltu. — \o  anes- 
thetic is  required,  ezc^t  in  the  case  of  children  and  persons 
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of  nervous  temperament.     Patient  to  be  seated  on  an  ordinary 

ciiair  with  the  head  thrown   back,  so  that  the 

face   looks   towards   the    ceiling.      Operator   to 

stand  behind  the  chair.     The  lower  lid  is  to  be 

tensely    drawn    downwards    and    outwards,   and 

sligUtly   everted   by   the   thumb   of    one    hand 

{fig.  18),  while  with  the  other  hand  the  probe 

point  of  Weber's  canaliculus   knife  (fig.   16)  is 

introduced  vertically.     When  the  knife  has  well 

entered  the  canaliculus  its  point  is  to  be  directed 

inwards,  and  slightly  backwards  in  the  direction 

of  the  lachrymal  sac,  until  it  reaches  the  inner 

wtJI.     The  edge  of  the  knife  during  its  passage 

is  tn  be  turned  towards  the  conjunctiva,  so  as  to 

divide  the  canaliculus  close  to  the  mueo-cutaneous 

junction.     When  the  knife  has  thus  reached  the 

inner  wall  of  the  sac,  it  must  be  boldly  brought 

np  from  the  horizontal  to  the  vertical  position, 

the  eyelid  being  still  kept  tensely  drawn  outwards 

by  the  opposite  thumb.     Thus  tlie  whole  length 

of  the  canaliculus  is  divided  qtiite  into  the  sac. 

Several  other  methods  of  slitting  up  the  catiii- 
licolas  are  adopted.  A  fine  grooved  d irector  ({ lit - 
cbett's)  is  passed  through  the  canaliculus,  along 
which  a  fine  knife  is  passed  into  the  sac.  Fine 
•cissora  are  sometimes  used,  one  blade  of  which 
is  passed  into  the  canaliculus. 

\'arious  modifications  of  the  knife  represen*td 
in  fig.  16,  such  as  Bowman's,  W'ecker'SjLiebreichV, 
and  others,  are  used.  It  soinetimes  happens  that 
the  ponctaro  is  very  small,  and  will  not  admit  the 
proboimint  of  the  knife;  in  these  cases  a  fine 
conical  i>robe  should  be  first  introduced,  by  which 
means  it  may  be  safiidently  dilated  to  admit  the 
knife. 


frec|nei)t.     It  may  be  caused  by  inflammation  of 
I      tiuf  mucous  membrane  extending  from  the  conjunctiva,  or  by 
■Mtepresence  of  a  foreign  body  such  as  an  eyelash.     It  is  some- 

I-  " 
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times  due  to  chalky  concretions,  and  ia  often  the  result  of  cicatrix 
fnllowing  burns,  and  lacerated  wounds.  The  upper  canaliculus  is 
less  frequently  aflfeoted  except  in  the  case  of  wounds  and  burns. 

Treatment. — This  must  vary  as  the  cause  of  the  obstructioa 
or  obliteration.  When  a  foreign  body  or  concretion  ia  present 
it  ahould  if  possible  be  removed  with  fine  forceps.  When  ita 
reraoviil  is  found  to  be  imjtracti cable,  the  canaliculus  should  be 
slit  up.  There  is  sometimea  a  difficulty  in  finding  any  opening 
int«  the  canaliculus.  In  this  case  careful  search  should  be  made 
in  the  region  of  the  punctum  with  a  fine  conical  probe;  thj» 
will  sometimes  find  an  entrance  when  no  ai>erture  ia  visible,  and 
should  then  be  forcibly  passed  iu  the  direction  of  the  canaliculus, 
so  as  to  dilate  it  sufficiently  for  the  reception  of  the  knife.  Sir, 
Streatfeild  has  an  ingenious  method  of  finding  the  canal  in 
these  cases.  Having  first  slit  up  the  upper  canaliculus,  h< 
passes  a  piece  of  bent  silver  wire  through  this  into  the  lower 
one.  When  no  opening  can  thus  be  found,  a  minute  aperture 
should  be  made  in  the  direction  of  the  canal  at  its  middle 
third  ;  this  can  he  done  with  a  fine  knife  or  scissors,  and  will 
afford  greater  facility  of  entrance  than  incision  of  the  tissues 
about  the  punctum.  A  very  frequent  point  of  obstruction 
just  at  the  entrance  to  the  lachrymal  sac.  This  is  indicated 
by  iLe  movement  of  the  whole  lower  lid  when  the  knife  or 
probe  is  pressed  towards  the  sac.  Firm  pressure  in  the  inward 
and  slightly  backward  direction  will  generally  overcome  this 
resistance. 

Striotnre  of  the  naial  duct  is  the  most  common  affection  of 
the  lachrymal  api>aratuB. 

Cause.— The  original  cimse  of  this  affection  is  lieqaently 
difficult  to  make  out,  Jt  appears'in  many  cases,  however,  to 
commence  by  extension  of  catarrhal  infiaiumation  of  the  lining 
membrane  of  the  nose.  It  is  possible  for  it  to  be  caused  by 
extension  from  the  conjunctiva  through  the  Inchrymal  aac,  but 
more  frequently  it  is  the  obstruction  which  causes  the 
jiincttvitia.  In  strumous  and  syphilitic  subjects,  periostitis  of 
the  bones  forming  Ibe  nasal  canal  is  a  frequent  cnuM!  of  obatrucv 
lion  by  oxtension  of  inflammation  to  the  fibro-mucous  lining. 
It  may  also  be  caused  by  injury  to  ihi;  naital  l)oni^B,  and  by  the 
existence  of  airious  teeth  in  the  api>er  jaw.    IVcasure,  causing 
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more  or  lees  ohliteratioo  of  the  canal  by  tumours  of  various 
kinds,  as  fibro-sarcoma,  myxoma,  and  exostosis  developed  in  the 
u|iper  jaw,  the  antrum,  or  the  nasal  fassa,  is  not  uncommon. 

The  seat  of  the  stricture  is  usually  at  the  upper  part  of  the 
tube  just  lielow  its  junction  with  the  lachrymal  sac,  but  it  may 
be  situated  anywhere  in  its  course. 

JTAe^yTnptonwof  Btrictureof  the  nasal  duct  are  very  variable. 
In  some  cases  the  only  observable  departure  from  the  normal 
condition  is  an  overflow  of  the  tears,  which  is  increased  by  ex- 
{loeure  to  cold  wind  or  bright  light.  There  may  be  little  or  no 
inflammatory  redness  of  the  conjunctiva.  The  puncta  lachry- 
tnalia  and  canaliculi  are  found  to  be  quite  patent,  and  in  their 
normal  position.  There  is  no  perceptible  tnmour  in  the  region 
of  the  lachrymal  sac.  On  making  firm  pressure  with  the  finger 
over  the  region  of  the  sac  there  may  be  no  regurgitation  of  its 
<-onteitts;  more  frequently,  however,  there  is  some  reflux  of  a 
viscid  secretion  through  the  canaliculi,  which  may  be  quite 
clear  and  colourless,  or  may  be  more  or  less  purulent,  but  is 
always  of  a  more  tenacious  character  than  the  tears.  In  the 
majority  of  cases,  however,  there  is  distinct  swellings  of  thtt 
ImIuthuI  lae  (chronic  dacryo-eystitis,  mucocele,  blenorrbcea). 
The  amount  of  swelling  varies  from  a  mere  fullness  to  an  abso- 
lute protuberance  of  the  skin  just  below  the  internal  palpebral 
ligament.  Firm  pressure  with  the  finger  over  this  will  usually 
etaue  the  dispersion  of  its  contents  either  upwards  through  the 
caoalicnli,  or  downwards  through  the  nasal  duct.  The  nature 
of  this  liquid  varies  according  to  the  gravity  of  the  lesions 
of  the  sat: ;  it  may  be  simple  mucus  or  muco-pus,  or  even  pus. 
I^achryniatiou  is  troublesome,  causing  irritation  and  redness  of 
the  conjunctiva  and  eyelids.  The  swelling  is  usually  free  from 
pain  and  devoid  of  tenderness,  even  on  pressure ;  it  is  localised 
and  increases  but  slowly.  It  is,  however,  liable  at  any  time  to 
take  on  an  active  state  of  inflammntion  and  suppuration,  thus 
constituting  abseeii  of  the  lachrymal  uo,  in  which  the  sym- 
ptom* are  altogether  more  severe.  The  swelling  now  becomes 
suddeDly  increased,  and  of  a  tense  brawny  nature.  The  root  of 
th«  DOM,  the  lower  part  of  the  frontal  region,  the  upper  part 
of  the  cheek,  are  o^dematous,  the  eyelids,  also,  are  frequently 
rated.     Tlie  skin  over  the  region  of  the  lachrymal  sac  and 
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the  aurrounding  parts  is  of  a  dusky  red  colour.  There  are  in-* 
tense  local  pain  and  heat  in  addition  to  the  redness  and  bwpII- 
ing.  General  symptoms,  such  as  pyrexia,  rigors,  and  even  vomit- 
ing, may  occur.  This  kind  of  inflammation  of  the  sac  never 
terminates  in  resolution ;  suppuration  first  takes  plaee  inside 
the  sac,  forming  an  abscess,  which  soon  perforates  its  walla, 
setting  np  inflammation  of  the  surrounding  cellular  tissue. 

Perforation  of  the  wall  of  the  sac  is  attended  by  a  diminu- 
tion of  the  pain  which,  although  it  does  not  disappear,  be- 
comes greatly  lessened  in  intensity.  Then  commences  the 
more  serious  inflammation  and  swelling  of  the  tissues  around 
the  sac  and  in  its  vicinity,  leading  to  the  formation  of  abscesa, 
which,  if  untreated  by  surgical  interference,  usually  terminatci 
by  pointing  through  the  skin  about  1  cjn.  below  the  lower 
punctura  lachrymale.  This  opening  gives  exit  at  first  to 
purulent  matter,  which  gradually  decreases  as  the  inflammation 
and  swelUng  subside.  It  may  heal  up  of  its  own  accord,  but 
generally  remains  as  a  flstnla  of  the  lachrymal  iftc.  giving  exit 
at  first  to  the  purulent  matter,  then  to  muco-pus  mixed  with 
the  tears,  and  finally  to  the  tears  alone,  which  ought  to  have 
passed  down  tlie  nasal  duct. 

The  dia^noaia  of  swelling  of  the  lachrymal  sac  is  easily 
made  when  there  is  but  little  inflammatory  trouble.  Its  situa- 
tion, its  history  and  accompanying  lachrymation,  its  more  or 
lews  complete  disappearance  on  firm  pressure,  serve  to  distin- 
guish it  from  other  tumours  of  this  region.  When  inflammatioa 
s  severe,  it  may  at  first  simulate  erysipelas  of  the  eyelids,  but 
n  abscess  of  the  sac  we  have  seen  that  the  redness  is  most 
ntense  over  the  seat  of  inflammation,  and  shades  otT  luid 
becomes  simple  iidema  of  the  surrounding  part*,  that  there  U 
alwaya  a  history  of  lachrymation,  and  generally  of  tumour  of 
the  sac.  In  erysipelas  the  rodness  is  equal  all  over  the  swellio^^. 
its  outer  etige  is  seen  to  spread  to  surrounding  parts,  and  thera 
is  no  history  of  previous  lachrymation  or  tumour.  It  may  also 
be  diflicult  to  say  whether  nn  abscess  at  the  inner  angle  of  the 
eye  had  its  commencement  within  or  outside  the  sac.  Here 
agiuu  the  previous  history  of  overflow  of  tears  iuid  of  tumour 
of  the  sac  are  useful  aids  to  dingnosin,  and  itll  doubt  can  oft/.'D 
be  di^iH-IIed  by  pressure  over  the  swelling  when  a  regiirgitatioa 
takes  place  through  the  puncta  lachrymalia. 
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Stricture  of  the  nasal  duct  also  gives  rise  to  the  development 
of  serious  lesions  of  the  cornea,  conjunctiva,  and  eyelids.  After 
prolonged  obstruction  a  chronic  inflammation  of  the  conjunctiva 
is  often  established.  This  may  spread  to  the  edges  of  the  eye- 
lids, causing  blepharitis  and  even  ulceration.  The  cornea  also 
oft«n  becomes  afifected  with  superficial,  ill-defined,  greyish-white 
opacities  and  ulcers.  Any  operation  involving  wound  of  the 
cornea,  such  as  that  of  iridectomy  or  extraction  of  cataract  that 
might  be  performed  under  this  condition  of  lachrymation,  would 
be  seriously  interfered  with  ;  the  wound  healing  but  slowly  if  at 
all,  and  suppuration  being  very  easily  provoked. 

Treatvivut  must  be  directed  to  the  permanent  cure  of  the 
stricture. 

I.  When  there  is  no  abscess  of  the  sac,  but  only  swelling, 
or  ewn  only  lachrymation,  the  lower  canaliculus  should  be  slit 
up  in  the  manner  indicated  above  (p.  35),  and  a  probe  should 
be  jjussed  through  the  stricture  at  once.  It  should  be  passed 
again  within  forty-eight  hours  to  prevent  the  closing  up  of  the 
cjuinli cuius,  and  the  operation  should  be  repeated  twice  or 
thrice  a  week  until  lachrymation  has  ceased,  and  all  symptoms 
of  obstruction  have  disappeared.  Even  then  it  is  well  to  con- 
tinue the  probing  once  a  week  for  a  few  times. 

The  kind  of  probe  used  is  a  matter  of  little  importance  so 
long  as  it  is  of  the  right  calibre,  and  is  passed  in  the  proper 
direction — viz.  downwards  and  rather  outwards  and  backwards. 
Mnny  varieties  of  probes  are  now  in  use.  The  original 
probes  of  Bowman  were  straight;  they  were  about  12  cm. 
long  and   six   in   number,   the    largest,   No,    6,    being  about 
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I  mm.  in  diameter.  These  are  now  altered  in  shape  and 
oixe;  instead  of  being  straight  tliey  are  curved  in  opposite 
directions  towards  each  end,  and  instead  of  being  of  equal 
calibre  throughout  they  are  bulbous  towards  each  extremity,  as 
ibown  in  fig.  17.     These  larger  probes  niunber  from  1  to  8, 
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No.  1  being  about  1  mm.  acres'"  the  bulb.  No.  8  about  3-5  mm., 
and  the  remainder  of  intermediate  sizes.     There  are  numerous 
other  varieties  of  probes  which  it  is  not  necessary  to  describe. 
Tlie  mode  of  introdnoing  the  probe  is  .similar  to  that  of  iutro- 
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F'ta  18.— Probo  In  Fint  snil  Second  Poiiti 


dnoing  the  canallctilan  hnife  (tiee  fig.  18).  It  is  ]>assed  horizon- 
tally along  the  cannlinilus  until  it  reaches  the  inner  wall  of  the 
lachrymal  wic,  the  lower  lid  being  kept  tense  by  the  thumb  of 
the  opposite  hand.     The  probe  is  known  to  be  well  inside  the 
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Kic  bv  the  resistance  offered  by  the  lachrymal  bone,  and  by  the 
absence  of  dragging  on  the  skin  of  the  lower  lid.  The  end  of 
the  probe  being  kept  in  contact  with  the  inner  wall  of  the  sac, 
it  must  now  be  brought  from  the  horizontal  to  the  vertical 
]K>9ition  and  jmshed  down  the  duct.  The  direction  of  the  duet, 
as  we  have  seen,  is  downwards  and  slightly  backwards  and  out- 
wards; pretty  firm  pressure  can  be  made  in  this  direction,  I 
usually  commence  with  a  probe  of  2  mm.  diameter;  if  this 
[mioses  easily,  I  fry  the  next  size  larger;  if  it  does  not  pass 
withoot  great  force,  I  try  smaller  sizes  until  one  is  found  which 
will  pass  through  the  stricture.  It  seldom  happens  that  a 
rtricture  is  so  tight  that  it  will  not  admit  a  probe  of  0'5  mm. 
diameter.  Thus  we  are  enabled  to  form  an  estimate  of  the 
extent  and  the  nature  of  the  constriction.  One  of  three 
methods  can  now  be  adopted,  viz. :  1.  Gradual  dilatatioTt,  by 
slightly  increasing  the  diameter  of  the  probe  used  at  each 
iiitting.  2.  Rapid  dilatation,  by  the  passage  at  one  sitting 
of  a  probe  of  2*5  mm.  to  3*5  mm.,  and  continuing  this  practice 
at  after  sittings.  3.  The  incision  of  the  stricture  by  means  of 
A  knife,  and  the  subsequent  passage  of  probes.  This  is  of  great 
service  in  very  tight  strictures.  The  best  knife  for  this  purpose 
is  that  of  Stilling.  It  is  introduced  into  the  lachrymal  sac 
in  the  same  way  as  the  probe,  and  then  forced  down  in  the 
direction  of  the  duct  two  or  three  times  in  succession,  the 
t>bde  being  turned  in  different  directions  at  each  passage,  after 
which  probes  of  I  mm.,  2  mm.,  or  3  mm.  can  be  passed.  Other 
knives,  such  as  those  of  Bowman  and  Weber,  can  be  used  for 
this  purpose,  but,  owing  to  their  brittleness  and  delicacy,  their 
bbdes  are  apt  to  be  left  in  the  stricture. 

II.  When  there  is  abscess  of  the  sac,  and  fistula  has  not  yet 
formed,  an  immediate  effort  shonld  be  made  to  give  free  exit 
to  the  pus.  This  should,  if  possible,  be  effected  by  slitting  np 
one  of  the  canaliculi ;  if,  however,  the  swelling  is  so  great  as  to 
prevent  this,  a  puncture  should  be  made  by  thrusting  a  small 
Kslpel  through  the  skin  1  cm.  below  the  inner  canthns,  the 
direcCicPD  of  the  out  being  dovrawards  and  outwards.  When 
Aftnla  luu  been  established  by  nipture  of  the  abscess,  or  when 
tba  abaeeta  has  been  o[)ened  by  incision  and  the  swelling  has 
idcd,  the   lower  canaliculus  should   be   slit  up  so  as  to 
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establish  a  free  exit  for  any  pus  that  may  yet  be  retained  in 
the  sac  or  may  be  afterwai-ds  formed.  Probing  must  now  be 
attempted,  but  should  there  be  any  difficulty  of  introduction 
to  the  nasal  duct,  it  is  well  to  vait  a  few  days  for  subiiidence 
of  inflamnaatory  swelling  of  the  mucous  membrane  of  the  sac 
and  duct.  Then  a  small  probe  can  generally  be  introduced, 
and  gradual  or  rapid  dilatation  or  incision  by  Stilling's  method 
may  be  performed.  These  ioflnmmations  of  the  sac,  whether 
chronic  or  acute,  very  frequently  yield  to  treatment  by  dilata- 
tion only ;  but  in  some  cases,  especially  where  there  has  been 
much  suppuration,  the  cure  ia  often  accelerated  by  local  astrin- 
gents. An  excellent  astringent  and  antiseptic  for  this  purpose 
is  to  be  found  in  the  use  of  a  2  per  cent,  to  4  per  cent,  solution 
of  pure  boracic  acid.     It  should  be  injected  into  the  sac  by 
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means  of  a  syringe,  the  nozzle  of  which  (fig.  19,  3)  can  be 
easily  introduced,  or  the  whole  length  of  the  duct  can  be 
treated  by  the  use  of  a  cannula  (fig.  20,  b)  which  is  first 
passed  down  the  duct  in  the  same  way  as  a  probe,  then  attached 
to  the  syringe  by  the  connecting  tube  u,  and  then  gradually 
withdrawn  as  the  solution  is  injected.  Other  solutions  tlian 
tlict  of  boracio  acid  can  be  used  for  this  purjiose,  such  as 
those  of  alum,  sulphate  of  zinc,  and  lapis  divinuH  of  the  mme 
strength.  Solution  of  nitrate  of  silver  of  strength  i  per  cent.  Is 
beneficial  in  some  eases. 

It  Bometinkcs  happens  (hat  there  is  a  tendency  to  closure  by 
cicatrisation  of  the  entrance  to  the  sac,  which  renders  the  ii 
truduction  of  the  probe  difficult  at  each  sitting.  In  such  a  case 
the  insertion  of  a  small  silver  or  lead  style  of  the  shape  shown 
ill  fig.  21  is  very  convenient.  A  probe  should  first  bo  passed 
to  ascertain  the  length  of  the  duct,  and  a  style  of  proper  length 
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being  choaen,  its  upper  end  should  be  bent  at  right  angles  to 
the  extent  of  4  mm.  or  5  mm.  It  is  then  introduced  so  that 
its  lower  end  rests  on  the  floor  of  the  nose,  and  its  upper  bent 
portion  lies  in  the  groove  of  the  open  canaliculus.  After  its 
introduction  it  must  be  watched  lest  the  parts  become  inflamed, 
H  which  case  it  must  be  removed  and  re-inserted  after  a  few 
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days;  if  the  parts  remain  quiet,  it  can  be  allowed  to  remain 
for  several  weeks,  and  will  be  found  to  be  of  great  service,  the 
lachrymation  being  often  improved  even  whilst  the  patient  is 
wearing  the  style.  This  method  is  also  useful  in  ordinary  cases 
whi're  the  passage  of  the  probe  is  inconvenient  or  impossible 
owing  to  the  patient  living  at  a  distance,  or  being  unable  to 

I  •tt«m). 

^^^B     llie  general  health   of   the   patient    should   be    carefully 

^^>ol 


Fig.  21.— Stjle  for  Nasal  Huct. 


■Ved  after.  Fresh  air,  good  nourishing  diet,  tonic  medicine^i, 
and  tocyil  cleanlineua  are  very  imitortjint  here  as  in  other  surgi- 
cal affections.  When  there  has  been  great  distension  of  the 
sac,  its  restoration  is  much  facilita.ted  by  gentle  pressure  in  the 
form  of  a  compress  and  light  bandage. 

In  certain  obstinate  cases,  where  overflow  of  the  tears  still 
lists  afler  all  the  efforts  above  indicated  have  failed,  the 
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extirpation  of  the  lachrymal  gland  is  recommended.  Tbe  re- 
moval of  this  or^D  (see  p.  33)  has  been  repeatedly  performed 
without  injurious  results ;  and  the  operation  is  well  spoken  of 
by  Lawrence,  Abadie,  and  other  surgeons- 
Obliteration  of  the  lachrymal  sac,  by  means  of  the  actual 
cautery,  strong  caustics,  as  the  potassa  cum  calce,  chloride  of 
zinc,  &c.,  is  also  occasionally  practised  by  some  surgeons  in  ob- 
stinate ulceration  of  that  organ,  the  sac  being  first  laid  open  by 
a  free  external  incision,  I  have  never  hud  occasion  to  resort 
to  this  heroic  treatment. 

The  above  methods  of  treatment  are  strongly  objected  to  by 
some  surgeons  on  the  grounds  (1 )  that  the  lachrymal  sac  acts  as 
an  aspirator  to  the  tears,  and  that  its  action  as  such  is  impiired 
by  an  artificial  opening ;  (2)  that  the  normal  condition  of  the 
nasal  duct  is  that  of  a  capillajy  tube,  or  a  system  of  such  tubes, 
and  that  the  passage  of  a  probe  of  above  0-75  mm.  or  I  mm.  in 
diameter  is  likely  to  destroy  this  capillary  action.  Perhaps 
the  best  answer  to  these  objections  is  to  be  found  in  the  fact 
that  80  many  cases  are  thus  successfully  treated  by  this  method ; 
and  further,  that  those  who  condemn  this  practice  in  theory 
are  frequently  obliged  to  resort  to  it  in  practice,  although  they 
may  content  themselves  with  probes  rather  smaller  than  we 
are  accustomed  to  use. 

Fiitnlft  of  the  laohrymal  mw  is  a  frequent  result  of  neglected 
inflammation.  It  con!«ists  of  a  sinus  extending  from  the  sac  to 
the  skin  just  below  (about  1  cm.)  the  inner  canthus.  The 
ojtening  is  usually  email,  and  gives  passage  to  tbe  tears  and 
mucus,  which  ought  to  pass  down  the  nasal  duct.  The  skin 
and  subcntaneous  tissue  in  the  vicinity  of  the  fistula  may  be  but 
little  affected,  but  is  usually  swollen  and  red;  sometimes  there 
is  indolent  ulceration  extending  over  a  considerable  area  of  the 
cheek, 

Trtaiment  must  first  be  directed  to  the  stricture  (p.  39). 
This  Itfing  so  improved  that  the  tears  can  flow  through  tlie 
nasal  duct,  we  may  attack  the  fistula.  In  slight  cases  the 
application  of  dimple  aslringpnU  by  means  of  a  coinpresa  of 
lint  is  often  sufficient.  In  old,  inflamed,  and  ulcerated  caaes 
this  is  not  sufficient.  Various  methods  of  promoting  their 
healing  are  cm]iliiycd,  *uch  ns  paring  the  edges,  the  gjilvano- 
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cautery,  &c.  I  have  found  the  most  speedy  and  efficient  help 
in  these  chronic  cases  from  the  use  of  the  lupus  scoop.  I  first 
open  up  the  canaliculus  and  nasal  duct,  and  then  proceed  to 
scrape  away  all  the  red  unhealthy  surrounding  skin  as  well  as 
the  ulcerated  surface.  The  process  is  very  jminful,  and  requires 
an  anaesthetic.  When  the  scraping  is  eflfectually  done  there  is 
considerable  oozing  of  blood.  Water  dressing  is  applied,  and 
the  surface  usually  heals  rapidly.  To  prevent  or  lessen  cica- 
tricial contraction,  I  usually  graft  some  patches  of  skin  from 
another  part  of  the  body  in  the  same  way  as  indicated  on 
p.  24  ;  this  accelerates  the  healing  of  the  wound. 


CHAPTER  III. 

O.V  THE  AFF£CriOXS  OF  THK   CONJVXCTIVA. 


ISKLAMMATiONS  of  the  coDJauctiva  can  be  conveniently  divided 
into  the  following  five  classes : 

1.  PuTvXcni  coTi^unctiviiis :  a,  gonoirhceal  ophthalmia; 
by  Ophthalmia  neonatorum. 

2.  Mttco-purulent  conjunctivitis. 

3.  Granular  cmijuniiivUia. 

4.  PhlyctenvXar  conjunctivitis.  ' 

5.  Memhraiiaua  co^tjunctlvUis, 

Parnlent  oonjiuotivitia  (also  called  purulent  ophthalmiii, 
gonorrhfpal  ophthalmia,  ophthalmia  neonatorum,  contagious 
ophthalmia,  military  ophthalmia,  Egyptian  ophthalmia). 

Caueee. — The  best  known  cause  is  indisputably  that  of  the 
inoculation  of  the  conjunctiva  with  certain  pathological  pro- 
ducts. Of  these  the  discharge  from  the  urethra  or  vagina 
during  an  attark  of  acut«  or  chronic  gonorrhira  are  very  com- 
mon examples.  It  is  remarkable  that  discharge  from  a  very 
slight  affection  of  the  urethra  will  often  set  up  a  violent 
inflammation  in  the  conjunctiva.  This,  no  doubt,  is  due  to 
the  susceptibility  of  the  recipient,  and  is  also  influenced  by  the 
previous  condition  of  the  eyelids,  and  of  the  general  health. 
If  u  i«tient  has  been  previously  suffering  from  grajiular  cmi- 
jumiivHiii,&  very  slight  cause  is  sufficient  to  estAblish  purulent 
inflammulion.  The  discharge  from  an  eye  affected  with  punt- 
lent  conjunctivitis  is  very  liable  to  set  up  similar  and  even 
tnoro  severe  uffoetion  in  a  healthy  eye,  cither  of  the  some 
]»tient  or  of  others.     Hence  the  necesnty  of  groat  caution  and 
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fileanlineRs,  both  on  the  part  of  the  patient  and  of  the  surgeon, 
and  others  who  have  to  do  with  the  patient.  With  regard  to 
the  period  of  the  disease  at  which  the  discharge  is  most  virulent 
by  inoculation,  Piringer '  has  made  some  interesting  experi- 
ments, from  which  he  infers  tliat  for  the  first  few  hours,  whilst 
the  secretion  is  serous,  it  is  comparatively  inoffensive,  producing 
only  B  slight  muco-purulent  affection,  or  no  perceptible  effect; 
that  when  suppuration  has  set  in,  the  effect  of  the  inoculation 
ia  much  more  powerful,  producing  in  all  cases  purulent  con- 
junctivitis, which  is  sometimes  of  the  most  violent  and  destruc- 
tive nature ;  and  that  a  step  later,  when  suppuration  has  ceased 
and  given  place  to  serous  exudation,  the  effect  of  inoculation 
it  similar  to  that  of  the  very  early  secretiun.  He  also  found 
that  by  dilution  with  water  the  most  active  and  virulent  pus 
taiiidly  lost  its  contagious  propeities. 

Muco-pundent  conjunctivitis,  when  conveyed  from  one 
person  to  another,  who  is  in  a  weak  condition,  may  become 
entirely  purulent. 

The  atmwrphere  is  considered  by  some  liigh  authorities  to 
be  the  means  of  the  conveyance  of  contagious  particles,  and 
Ki  jtlacing  them  in  contact  with  the  conjunctiva;  this  theory 
is  advanced  in  explanation  of  epidemic  outbreaks  such  as  occur 
in  crowded  dwellings,  hospitals,  barracks,  &c.  Careful  inquiry, 
however,  in  such  cases  will  generally  elicit  the  fact  that  many 
facilities  of  direct  inoculation  are  present,  such  as  several 
children  sleeping  together,  the  uae  of  a  common  towel,  &c. 
Such  outbreaks  of  the  disease  illustrate  very  well  what  has 
been  said  above  as  to  the  susceptibility  to  infection  of  patients 
who  have  suffered  from  granular  conjuDctiWtis;  and  in  order  to 
It  such  an  outbreak  in  a  school  or  similar  institution,  it  is 

mtial,  not  only  to  isolate  those  actually  suffering  from  puru- 

i  coDJnoctivitis,  but  also  those  who  present  the  granular 
ion,  lest  the  latter  should  thenaselves  become  foci  of  infec- 
tion. Concerning  the  cause  of  this  affection  in  the  newly  bom 
(opbtlinlmia  neonatorum),  the  prevailing  opinion,  and  that  in 
which  I  heartily  concur,  is  that  it  arises  from  the  introduction 
of  pomlent  discharge  from  some  part  of  the  genito-urinary 
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tract  of  the  motber  into  the  conjunctival  sac  of  the  infant 
shorllj  after  jjarturition.  The  great  frequency  of  purulent 
discharges  from  the  os  uteri  in  pregnant  women  la  uuirersally 
admilted;  and  it  is  easy  to  understand  how  this  could  come 
into  contact  with  the  eyelids  during  the  passage  of  the  head 
per  vaginam,  shortly  after  which  the  child  opens  its  «yea. 
Hence  the  necessity  of  scrupulous  care  in  washing  the  eres  of 
the  newly  bom. 

Sympf-ome. — Purulent  conjunctivitis  usually  cointnences  ia 
one  to  four  days  after  infection  ;  in  some  cases  its  progress  is 
so  rapid  that  it  attains  its  masimum  intensity  in  forty-eight 
hours.  At  first  there  is  a  gritty  sensation  in  the  eye ;  this  is 
Boon  followed  by  pain,  which  sometimes  becomes  excruciating 
in  character.  The  eyelids  become  red,  infiltrated,  and  swollen  to 
such  a  degree  tliat  they  can  only  with  difficulty  be  everted; 
the  i>alpebral  conjunctiva  is  greatly  congested  and  swollen ;  the 
ocular  conjunctiva  is  also  intiltrated,  and  fonn^  an  elevated 
ridfje  of  chemosis  all  round  the  com*>a,  which  in  some  cases  is 
sufficiently  prominent  to  overlap  and  conceal  its  peripheral 
portion.  The  discharge  at  first  consists  only  of  a  serous  fluid 
containing  a  few  flocculi  of  pus,  but  it  soon  becomes  thicker, 
and  of  a  yellow  or  even  greenish-yellow  colour.  This  purulent 
secretion  fills  the  paljwbral  sac,  and  generally  Howe  over  ou  to 
the  cheek;  at  times  it  is  retained  by  the  swollen  lids,  and 
causes  great  danger  to  tlie  globe  by  the  pressure  thus  exerted. 
The  establishment  of  free  suppuration  is  marked  by  immodiat« 
relief  of  pain  and  some  diminution  of  swelling ;  this  m:iy  lead 
the  [mtient  to  oonsider  his  condition  to  be  improving,  but  in 
reality  the  risk  of  serious  and  irrejiarable  mischief  commencing 
in  the  cornea  is  greater  now  than  at  any  other  {leriod  of  the 
disease.  Tho  great  danger  of  purulent  conjunctivitis  is  lest 
the  cornea  should  slough  or  become  ulcerated.  Ulcers  vary  in 
their  iKMitioi)  and  depth;  a  very  common  situation  b  bi-ncath 
the  limbua  conjunctiva;;  iu  whatever  i>art  of  the  cornea  they 
occur,  they  are  very  likely  indeed  to  lead  to  its  perforation. 
When  we  come  to  treat  of  affections  of  the  oomea  we  shall  tK-e 
that  a  pcrfoniting  ulcer  from  any  cause  may  be  followed  by 
daugerouK  sequels;  but  when  the  jwrforation  takes  place  in 
the  course  of  au  attack  of  jiunilent  conjunctivitis,  we  have  the 
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•dditional  danger  lest  the  suppuration  should  immediately 
(txtend  to  the  whole  eye. 

It  occasiooally  happens  that  the  peripheral  ulceration,  ex- 
tending round  a  large  portion  or  th  e  whole  of  the  circumference 
of  the  cornea,  so  interf««s  with  Its  nutrition  that  the  whole 
membrane  sloughs. 

When  the  swelling  of  the  lids  has  Bubsided,  the  conjunctiva  is 
found  to  have  lost  its  normal  somoth  appearance,  and  to  have  be- 
come rough  and  rugose,  preseuting  numerous  [lapille  over  its  en- 
tire surface,  more  esijecially  over  the  upper  and  lower  culs-de-aac. 

Af^er  a  variable  time  the  disehurge  diminislies  in  quantity, 
becomes  thinner,  and  finally  gives  plac«  to  a  serous  fluid  con- 
teioiog  a  few  floccuU  of  muco-pu^.  If  untreated,  this  condition 
nay  become  chronic,  giving  rise  to  deformities  of  the  lids,  such 
u  trichiasis,  entropion,  ectropion,  and  to  corneal  aCTeetions,  as 
ulcers,  panniie,  &c. 

OonorrliiBal  ophthalmia  is  the  most  acute  form  of  piu-ulent 
conjaDctivitiii.  It  is  caused  by  the  introduction  of  the  urethral 
diKcharsfi  to  the  conjunctival  sac,  either  directly  by  means  of 
the  hand,  or  indirectly  by  the  use  of  a  conttLmtnated  towel  or 
pcKket 'handkerchief.  It  is  more  common  in  men  than  in  women. 
The  right  eye  is  more  frequently  attacked  than  the  left.  Its 
progTMS  is  usually  very  rapid  and  severe ;  from  the  outset  there 
is  aente  pain,  chemosis,  and  great  sweUing  of  the  lids.  If 
oi'glccted  or  iropro]>erly  treated,  there  may  be  toljil  destruction 
of  Utv  cornea,  from  abscess,  ulceration,  or  sloughing,  in  the 
course  of  a  few  days. 

Ophthalmia  noonatdnim — the  form  of  purulent  conjunctivitis 
which  attack*  newly  born  children — is  less  virulent  than  the 
gonorrbipal,  but  in  sufficiently  destructive  in  its  nature  to 
rei^uire  prompt  untl  energetic  treatment.  It^  probable  onus*; 
has  been  already  mentioned.     Its  symptoms  and  complications 

wwntially  llie  same  as  those  of  the  gonorrhtsol  and  otlier 
of  the  affection  occurring  in  aduUi<,  although  somewhat 

pronounced  in  degrw.  It  usually  occurs  about  the  third 
fbttnh  day  after  birth.  More  blindness  is  caused  by  oph- 
thalmia neonatonim  than  by  any  other  single  affection  of  the 
vyct ;  but  this  is  due  solely  to  the  fact  that  its  treatment  is 

[uently  left  to  persons  who  are  ignorant  or  incompetent. 
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Treatment. — When  not  occurring  ia  the  newly  born  the  in- 
dications are : 

1.  To  protect  the  healthj  eye  when  only  one  is  attacked. 

2.  To  reduce  the  pressure  upon  the  globe  which  la  caused 
by  the  swollen  lids  and  the  retained  jmmlent  secretion. 

3.  To  cut  short  the  inflammatory  process,  and  to  restore  the 
conjunctiva  to  its  normal  condition. 

4.  To  treat  the  complications. 

1.  To  protect  the  healthy  eye. — (i)  The  closed  lids  may  be 
covered  with  abaorbent  cotton-wool,  which  ia  secured  by  collodion 
and  a  bandage  or  sticking-plaster. 

(ii)  Buller's  shield  may  be  employed.  This  has  the  double 
advantage  of  giving  the  patient  a  certain  amount  of  vision,  and 
of  enabling  the  surgeon  to  examine  the  eye  without  disturbing 
its  dressings.  It  is  constructed  as  follows :  Take  a  watch- 
glass  and  two  pieces  of  india-rubber  plaster,  one  about  4^  in,, 
the  other  4  in.  square ;  cut  a  round  hole  slightly  smaller 
tlian  the  watch-glass  in  the  middle  of  each  piece  of  plaster. 
Then  insert  the  watch-glass  between  the  two  pieces  of  plaster, 
and  stick  them  together  so  as  to  form  a  small  window.  Now 
arrange  the  plaster  by  its  free  edge  along  the  nose,  forehead, 
and  cheek,  leaving  only  the  lower  and  outer  angle  a  little  open 
for  purposes  of  ventilation. 

2,  To  reduce  tht  pressure  upon  the  globe. — In  some  cases 
the  tension  of  the  eyelids  is  so  great  that  the  cornea  is  in 
danger  of  strangulation  from  pressure.  Under  these  circum- 
stances the  lids  should,  if  possible,  be  everted  and  their  inner 
surfaces  freely  scarified.  Incisions  with  a  small,  shari>  scalpel 
should  be  made  parallel  to  the  edge  of  the  everted  lids  from 
near  the  ciliary  margin  tis  for  back  as  the  fornix  conjunctivie. 
Even  the  ocular  conjunctiva  may  be  benefited  by  a  fcrw  tsdiai 
cuts.  The  incisions  should  be  sufficiently  deep  to  induce  free 
hemorrhage.  When  it  is  found  imijossiblo  to  evert  the  eyelids, 
either  of  the  following  methods  may  he  adopted;  {])  Division 
of  the  outer  cantliu^  as  far  as  the  outer  angle  of  the  orbit. 
This  can  be  done  with  a  pair  of  strong  uharp  scissors,  or  by 
means  of  a  scalpel  and  a  grooved  director.  (2)  Hy  rerticnl 
division  of  lh«  upper  lltl  as  recommonded  by  the  late  Mr. 
Ctitcltett.    A  grooved  director  is  first  passed  Ix-neatb  the  middle 
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nflhe  upjier  lirl ;  a  sharp-pointed  bistoury  is  then  inserted  into 
the  gnxive  of  the  director,  and  made  to  perforate  the  lid  at  its 
upper  p:irt ;  all  the  striicturea  of  the  latter  are  theo  divided. 
The  flaps  thus  formed  can,  if  desirable,  be  stitched  back.  The 
hiemorrhage  following  these  Bcarification?,  and  even  that  of  the 
division  of  the  lids,  is  always  benijficial  in  reducing  the  swelling 
and  cutting  short  the  inflammatory  process.  The  incisions  should 
he  immediately  followed  hy  the  copious  use  of  tepid,  slightly 
carbolised  water,  with  the  ftbject  of  encouraging  the  local  bleed- 
ing and  thoroughly  removing  accumulated  pus.  This  done,  the 
closed  lids  should  be  kept  constantly  cold  and  wet  by  means  of 
pledgets  of  lint  dipped  in  iced  water.  The  latter  may  with 
advantage  contain  J  per  cent,  of  carbolic  acid ;  and  the  lint 
should  be  changed  every  half  hour  or  so.  Besides  this,  the 
inside  of  the  lids  must  be  frequently  cleansed,  say  every  one  or 
two  hours,  by  thorough  washing  with  similnr  carbolised  water. 
On  the  following  day  the  congestion  and  swelling  may  still  be 
so  great  as  to  render  a  second  scarification  advisable,  or  it  may 
be  bptter  to  cauterise  the  inner  surface  of  the  lids  with  strong 
nitrate  of  silver,  and  to  continue  the  frequent  ablutions  and 
cold  applications, 

3?  To  ciit  short  the  inflammatory/ process,  (i)  Tfie  best  and 
mott  efftctual  treatment  congiata  in  the  application  of  solid 
■nitrate  of  silver  (F,  I )  to  the  inner  surfaces  of  the  eyelids  once 
in  tmentyfour  hintra,  cwiibined  viitk  the  constant  exterTial 
application  of  iced  carbolised  water,  and  frequent  ablutions  of 
the  eonjunctival  sac.  The  process  is  tedious,  and  requires  the 
Bervicea  of  one  or  two  nurses.  The  lids  must  be  well  everted 
and  cleansed,  and  the  caustic  freely  passed  over  the  conjunctival 
ntrlace;  they  must  then  be  again  washed,  in  order  to  remove 
th«  superfluous  silver  nitrate  before  they  are  inverted.  This 
■boald  be  repeated  once  in  twenty-four  hours,  and  in  the  interval 
the  eylids  are  to  be  everted,  and  the  conjunctival  sac  well 
cleared  of  all  accumulated  secretion  every  one  or  two  hours. 
Ice-cold  applications  should  be  kept  constantly  applied  to  the 
outside  of  the  lids.  This  may  be  effected  by  a  dry  ice-bag,  or 
belter  by  pledgets  of  lint  dipped  in  iced  carbolised  (^percent.) 
w»ter.  It  will  be  found  that  the  lint  requires  changing  every 
^or  fifteen  minutes. 

13 
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Two  or  three  days  of  sucli  treatment  usually  suffices  to 
lecfuce  the  swelling,  inflammation,  and  ainoiint  of  discrhargc, 
lifter  which  the  use  of  milder  astringent  applications,  aa  the 
sulphate  of  copper  or  iodoform,  may  be  substituted  for  the 
nitrate  of  silver;  and  the  cold  applications  may  be  discontinued 
whilst  a  simple  ointment  is  used  to  anoint  the  lids. 

(ii)  When  the  above  process  cannot  be  thoroughly  carried 
out,  and  when  the  affection  is  comparatively  mild  in  degree, 
wo  may  use  a  4  per  cent,  solution  of  nitrate  of  silver  to  paint 
the  conjimctiva  instead  of  the  solid  nitrate.  It  should  be 
washed  off  again  before  the  lids  are  inverted.  The  conjunctival 
sac  should  be  thoroughly  cleansed  with  ^  per  cent,  solution  of 
boraoic  or  carbolic  acid  every  one  or  two  hours  ^^^  the  eye- 
lids either  anointed  with  simple  ointment,  or  kept  cool  bj 
wet  lint. 

Iodoform  has  been  recently  used  with  great  success  in  the 
treatment  of  purulent  conjunctivitis.  It  can  be  best  used  in 
vaseline  of  strength  4  per  cent.,  and  a  very  convenient  and 
efficient  way  of  applying  it  is  by  means  of  a  glass  syringe  with  a 
Hatteued  nozzle  (Bader's).  By  means  of  this  the  oiutiiient  can 
be  introduced  well  into  the  upper  cul-de-sac  without  everting 
the  lids.'  * 

As  the  acute  symptoms  of  purulent  conjunctivitis  subside, 
the  discharge  becomes  dimiuished  in  quantity,  then  thin  and 
muco-puruleut,and  finally  ceases.  The  mucous  membrane  of  the 
lids  continues  to  be  thickened  anil  red  ;  it  is  often  very  rough, 
and  sometimes  quite  granular.  The  treatment  at  this  st«ge 
must  be  similar  to  that  for  granular  conjunctivitis. 

(iii)  In  op/ilhalmia  neonaltrrum  both  eyes  are  generally 
attacked  ;  even  when  one  eye  only  is  affected  the  use  of  Buller's 
shield  is  hardly  applicable.  The  other  eye  should  therefore  be 
closed  and  secured  from  infection  by  cotton-wool,  collodion, 
and  i-trapping.  The  treatment  here  is  the  same  in  principle 
as  in  the  adult ;  but,  owing  to  the  tender  age  and  delicacy  of 
the  subject,  it  requires  a  few  remarks  as  to  detail.  The  sur- 
geon should  always  see  the  child  at  least  once  in  twenty-four 
hours.  In  order  to  c;(amine  tho  eye,  he,  being  seated,  direct* 
the  nuriie  to  phice  ihe  child's  head  bctwci^ii  hfs  kutres,  whit^ 
are  protected  by  a  towel.     He  then  first  cleausea  the  eyes 
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'  doacbing  with  pellets  of  coftoD-wool  and  carbolised  tepid  water; 
next  he  thoroughly  everts  both  the  eyelids  and  cleanses  them  ; 
tben  he  applies,  not  the  solid  stick,  but  a  4  per  cent,  solution 
of  nitrate  of  silver  by  means  of  a  camel's  hair  brush  to  the 
whole  of  the  mucous  membrane  of  the  lids,  and  particularly  to 
that  of  the  upper  cul-de-sac  ;  he  then  again  washes  away  the 
superfluous  nitrate  by  douching  with  the  carbolised  water,  and 
6niUly  closes  the  lids.  Having  done  this  he  raises  the-  upper 
lid  by  means  of  Desmarre's  retractor  (fig.  22)  in  order  to 
examine  the  condition  of  the  cornea.  If  there  are  signs  of 
inflammation  or  ulcer  of  this  structure,  a  few  drops  of  atropine 
solution  should  be  applied.  Finally  he  anoints  the  edges  of 
the  lids  with  simple  or  iodoform  ointment,  and  inetructii  the 
nurse  or  mother  of  the  child  to  cleanse  the  eyes  thoroughly 

I  hour  with  tepid  carbolised  water  (^  per  cent.). 


I 


Fig.  22.— Lid  Belrncior. 


L  To  treat  the  complicatUyna, — When  cases  are  seen  in  the 
early  stage,  and  can  be  properly  treated,  the  inflammatory 
|»roceu  can  generally  be  subdued  before  the  cornea  or  the 
doe|ier  structures  are  affected. 

When  the  cornea  is  found  to  present  signs  of  inflamnm- 
tion,  abscess,  or  ulcer,  some  atropine  solution,  1  per  cent,, 
should  be  dropped  into  the  palpebral  aperture  after  eaeh 
dressing.  The  iris  in  such  cases  is  very  likely  to  he  inflamed, 
am]  this  will  tend  to  dilate  the  pupil  and  bo  prevent  the 
formation  of  adhesions  (synechiie).  The  existence  of  lesions 
of  the  cornea  does  not  contraindicate  the  treatment  above 
dveeribed ;  but  in  the  case  of  ulcers,  especially  when  deep, 
l^reater  care  is  required  in  everting  the  lids,  lest  the  pres- 
•ore  upon  the  globe  should  cause  perforation  of  the  ulcer. 
^^'here  perforation  of  the  cornea  is  imminent,  it  may  lie 
advisable  to  t>erfonn  paracentesis  of  the  anterior  chamber 
towarda  the  periphery  of  the  cornea,  with  the  view  of  reducing 
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intra-ocular  tension,  and  so  preventing  the  rupture.  Wljen 
the  conjunctivitis  has  subsided,  tbe  corneal  lecioss  can  be 
treated  accoixiing  to  the  ruiea  giveu  under  the  head  of  ulcers 
of  the  cornea. 

Xaco-pnralent  CDtyiiuctiTitiB  (catarrhal  ophthalmia)  is  of 
very  frequent  occurrence. 

Co Mflfis.— Contagion,  sudden  exposure  to  cold,  irritating 
jiarticles  of  dust  in  tbe  atmogphere,  affectiona  of  the  ejelids,  us 
trichiasis,  entropion,  ectropion,  and  obstructed  lachrymal  duets, 
are  all  causes,  as  also  are  errors  of  refraction,  especially  hyper- 
metropia  and  hj"permetropic  astigmatism,  in  which  constAot 
exercise  of  the  uccoinokodatioQ  tends  to  induce  bypersmia  of 
the  conjunctiva.  The  secretions  of  muco- purulent  conjuncti- 
vitis are  themselves  contagious,  and  it  is  usual  to  find  various 
ineml>ers  of  the  saine  bousehold  simultaneously  or  successively 
attacked.  The  contagious  nature  of  the  affection  renders  an 
outbreak  in  large  communities  of  great  importance.  Cases 
should  be  isolated,  and  strict  carefulness  enforced,  not  only  to 
prevent  actual  contact  of  the  discharge  with  the  eyes  of  others 
by  means  of  towels,  &c.,  but  also  to  prevent  the  atmosphere 
becoming  charged  with  particles  of  secretion  ;  a  jirecaiitioii 
which  is  especially  necessary  in  the  case  of  schools  of  the 
poorer  class,  where  the  dormitories  are  often  overcrowded  and 
ill-ventilated.  This  form  of  ophthalmia  is  much  more  common 
among  the  poor  than  the  well-to-do,  although  the  latter  class 
is  by  no  means  exempt  from  the  malady.  It  also  occurs  in  tbe 
exauthemata  of  childhood,  especially  measles. 

Symptoms. — This  affection  presents  itself  under  many  dif- 
ferent aspects.  (1)  In  the  milder  cases  we  tind  only  slight 
redness  of  the  palpebral  conjunctiva  and  of  the  fornix  oon- 
junctivie,  hyi»er9ecretion  of  mucus,  sticking  together  of  the 
lids  on  awaking  in  the  morning,  and  a  more  or  less  gritty 
feeling  in  tbe  eyes. 

(2)  In  the  severer  cases  these  symptoms  are  exaggerated  ; 
the  mucous  membrane  of  tbe  lids  and  fornix  is  not  only  in- 
jected, but  perceptibly  swollen  ;  and  there  is  some  injection  of 
the  ocular  conjunctiva.  In  addition  to  hyi)ersecret ion  ot  mncua, 
we  find  flocculi  of  muco-pus  floating  in  tbe  lower  eul-de-sac. 
The  adhesion  of  tbe  eyelids  on  awaking  is  more  marked,  and 
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the  edges  of  the  lids  are  covered  with  a  yellowish  iDcrustation 
of  inspissated  muco-pus. 

(3)  A  few  cases  are  much  more  severe,  and  are  often  diffi- 
cult to  distinguish  from  purulent  conjunctivitis.  In  fact,  there 
is  no  slmrp  line  of  demarcation  between  the  two  affections,  since 
caises  of  everj  intermediate  degree  of  severity  are  met  with. 
The  chief  diagnostic  signs  are  the  amount  of  cedematoua  tension 
of  the  lids  aiid  the  character  of  the  discharge.  When  rauco- 
parulent  conjnncUvitis  is  attended  with  redness  of  the  circum- 
comeal  zone,  it  becomes  important  to  distinguish  it  from  other 
affections  in  which  the  same  symptom  exists.  The  chief  of 
these  are  iritis,  episcleritis,  and  keratitis. 

(fl)  In  muco-purulfnt  conjunctivitis  the  redness  at  first 
if  superficial,  and  ehiefly  confined  to  the  conjunctiva.  If  the 
ncuhvr  conjunctiva  be  moved  up  and  down  by  pressure  of  the 
linger  through  tlie  lower  lid,  the  injected  vessels  will  be  seen 
to  move  with  the  mucous  membrane.  The  redness  of  the 
ocular  conjunctiva  is  always  accompanied  by  redness  of  the 
fornix  conjunctivae,  and  generally  of  that  of  the  lids.  The 
redness  is  not  localised  in  patches.  The  iris  is  clear  and  bright, 
tbe  pupil  active,  and  the  cornea  clear. 

(6)  In  iritie  the  circumeomeal  zone  of  redness  is  deep- 
•eatedif  and  is  not  accompanied  by  rednesn  of  the  fornix  and 
pnlpebral  conjunctiva.  The  injected  vessels,  being  chiefly 
situated  bem-ath  the  conjunctiva,  do  not  move  with  the  latter. 
Tbe  iris  is  less  brilliant  than  normal,  and  at  times  is  much 
in  colour.  The  pupil  is  sluggish  or  inactive.  The 
is  impaired. 
^e)  In  episcleritis  the  congestion  is  of  a  deep  red  colour ; 
subconjunctival  and  localised — that  is,  it  does  not  invade 
whole  circumeomeal  zone,  but  appears  in  patches,  which 
lily  situated  opi)osite  the  palpebral  fissure,  near  the  outer 
of  tbe  cornea. 
(d)  In  keratitis  the  injected  vessels  are  deep-seated  and 
fixed.  The  redness  is  most  marked  in  the  circumeomeal  zone, 
tmosparency  of  the  cornea  is  always  more  or  less  diminished. 
Treatment. — Any  general  predisposing  causes  should  be  as  far 
ibie  removed.  Any  error  of  refraction  should  he  at  once 
!ted  by  spectacles.     When  due  to  a  local  cause,  such  as 
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trichmeis,  entropion,  stricture  of  nasal  duct,  i&c,  these  shouM 
be  cured  by  appropriate  treatment.  In  the  mildest  forms  of 
elass  1,  the  use  of  any  mild  astringent  (Formulie  Nob.  5,  8,  9, 
14),  to  be  dr'^ppcd  into  the  palpebral  aperture  three  times 
daily,  or  used  in  the  form  of  a  lotion,  together  with  the  anoint- 
ing of  the  lids  with  a  simple  ointment  at  night,  is  sufficient  lo 
arrest  the  disease.  In  class  2  it  is  necessary  to  inculcate  strict 
cleanliness  and  caution  with  regard  to  the  discharge.  The  eyes 
should  be  washed  four  or  five  times  daily  with  tepid  water  and 
cotton-wool ;  after  this  astringent  lotions  should  be  applied,  .is 
for  class  1,  or  a  piece  of  cotton-wool  may  be  soaked  in  the 
lotion  and  applied  over  the  closed  eyelids  for  ten  or  fifteen 
minutes  at  a  time  in  the  form  of  a  compress.  The  edges  of 
the  lids  should  be  constantly  anointed  with  simple  ointment  to 
prevent  adhesion.  When  the  swelling  and  discharge  are  severe, 
as  in  class  3,  the  above  rules  as  to  treatment  still  apply  ;  hut  I 
do  not  hesitate  to  evert  the  lids  and  apply  a  4  per  cent,  solu- 
tion of  nitrate  of  silver  to  their  inner  surface  once  daily.  This 
must  of  course  be  well  washed  away  before  inverting  the  lids. 

Orannlar  conjnnotiTitli  (trachoma,  follicular  conjimctivitis, 
granular  ophthalmia). 

Causes. — The  chief  cause  of  this  affection  is  contagion. 
This  view  is  substantiated  by  the  fact  of  its  prevalence  in 
pauper  schools  in  past  and  even  present  times,  also  in  prisons, 
barracks,  and  other  places  where  there  are  crowded  communi- 
ties having  facilities  for  the  conveyance  of  the  unhealthy  secre- 
tions from  eye  to  eye  by  means  of  towels  and  otherwise. 

Cases  do  occur,  however,  which  appear  to  be  sjiontaneotis, 
no  source  of  affection  appearing  to  be  within  the  patient's 
reach.  In  all  cases,  whether  produced  by  contagion  or  otherwise, 
the  subjects  of  the  affection  appear  to  have  been  prediB]x)sed  1(( 
it  by  ill-feeding,  over-fatjgue,  bad  ventilation,  and  other  debili- 
tating causes.     It  is  rarely  seen  in  the  better  classes  of  society. 

Symptoms  and  Pnthotoffy. — This  disease  first  appears  in  the 
form  of  numerous  small,  greyish,  hemis])herical,  Bemi-tnui»- 
jtarent  elevations,  having  a  great  resemblance  to  boiled  sago 
gntini*  (follicular  granulations).  These  usually  apjieiir  first  in 
the  upper  and  lower  culs>de-sac,  and  thence  spread  to  the 
lower  and  upper  lids.     Thi»  gmuiilnr  appcamnce.  from  wliich 
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the  malady  derives  its  name,  differs  from  pathological  '  granu- 
lation tissue,'  inasmuch  as  the  mucous  membrane  is  not 
ulcerated,  and  the  submucous  tissues  have  a  characteristic 
arrangement.  Beneath  the  mucous  membrane  we  find  these 
rfevations  to  be  composed  of  aggregations  of  lymphoid  cells, 
tboee  nearest  the  surface  having  undergone  ]iartial  fatty  de- 
generation. In  the  superficial  part  there  is  but  little  inter- 
oellular  substance,  but  towards  the  base  we  find  more  or  less 
eonnective  tissue  formation,  with  small  branches  of  blood- 
veceele.  After  the  follicular  granulations  have  existed  some 
time  the  adjacent  papilla?  beconae  hypertrophied,  and  the 
vliole  lid  aasumes  the  rough  villoiu  appearance  which  is  often 
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l«fi  after  catarrhal  or  purulent  conjunctivitis  (papillary  granu- 
lations) (see  tig.  23).  As  time  goes  on,  the  connective  tissue 
i-lrment  increases,  and  thus  converts  the  papillne  and  sub- 
mucous tissue  of  the  whole  Hd  into  a  dense  fibrous  structure, 
vtiich  finally  contxacts  and  undergoes  changes  resembling  those 
of  cicatrices.  The  attnck  may  he  acute  or  chronic.  There  U  a 
more  or  less  copious  muco-purulent  secretion,  gritty  feeling  as 
of  aand  in  the  eye,  and  photophobia.  Sooner  or  later  the  cornea 
begins  to  suffer  from  the  friction  and  irritation  of  the  granular 
lids,  and  becomes  ulcerated ;  or,  more  frequently,  its  superficial 
lajen  become  opaque  and  vascular,  which  latter  condition  is 
knows  aa  pannus. 
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FolIicuUir  graoulatioDS  may  be  classified  ioto  three  chief 
groups:  («)  Simple  forms,  ia  which  there  is  but  slight,  redness 
of  the  free  edges  of  the  lids,  a  feeling  of  grittinesa  in  the  eyes, 
and  an  increase  in  the  secretion  of  mucus.  Ou  everting  the 
lids,  however,  we  find  fine  granulations  disseminated  over  the 
conjunctiva,  mostly  in  the  position  of  the  upper  and  lower  culs- 
de-sac.  The  conjunctiva  over  the  tarsi  is  often  free,  or  the 
granulations  may  be  seen  creeping  over  their  borders  near  the 
outer  canthus.     The  submucous  tissues  are  but  little  affected. 

(b)  In  a  second  class  of  cases  tlie  granulations  constitute  a. 
dififuse  infiltration  of  the  conjunctiva  of  the  culs-de-sac  and  of 
the  palpebrae.  The  mucous  membrane  is  greatly  thickened, 
and  presents  a  greyish  gelatinous  appearance.  The  edges  of 
the  lids  are  reddened ;  the  mucous  secretion  is  much  increased, 
and  often  semi-purulent.  Besides  this,  there  soon  supervene 
increased  lachrymation,  photophobia,  and  lesions  of  the  cornea 
— punnus,  ulceration,  &c. 

(c)  Malignant. — In  a  third  group  may  be  placed  a  still 
more  grave  and  troublesome  class  of  cases — viz.  those  in  which 
the  granular  affection  extends  to  the  ocular  conjunctiva,  and 
even  to  the  cornea;  whilst  the  whole  inner  surface  of  the 
eyelids  is  infiltrated  and  thickened  with  villous-looking  hyper- 
trophies of  the  mucous  anil  submucous  tissues,  which  bleed  on 
the  slightest  touch,  and  which  are  so  estensive  as  to  cover  up 
the  upper  and  lower  culs-de-sac  when  the  lids  are  everted. 
The  whole  episcleral  and  corneal  surfaces  become  filled  with 
tortuous  blood-vessels,  and  the  cornea  becomes  quite  o]iaqno 
and  Seshy-looking.  There  may  be  superficial,  deep,  or  evea 
perforating  ulcer.  The  iris  also  may  be  inflamed  by  continuity 
of  tissue. 

The  most  discouraging  feature  of  this  malignant  form  of 
granular  conjunctivitis  is  its  obstinate  progress  from  bad  to 
worse.  The  inflamed  tissues  do  nut  return  to  their  normal 
BtAte,  but  all  appear  to  undergo  an  ultimate  fibroid  degenera- 
tion, Bttnilar,  in  fact,  to  the  cicatricial  contraction  which  follows 
true  granulating  ulcers  of  the  akin.  Thus  the  mucous  mem- 
brane becomes  thin  and  shrunken  and  tightly  adherent  to  the 
tarsi,  and  the  latter  become  shrunken  and  incurved. 

Trealnienl  must  in  all  cases  be  general  as  well  as  local. 


^^^p      oraxvzah  coxjvscririTis.— treatment.        go 

'  The  genial  treatment  consists  in  placing  (lie  piitient  under 

the  best  possible  hygienic  conditions.  Good  and  plentiful 
nourish  men t,  esercise  in  the  open  air,  and  well-ventilated 
sleeping  accommodation  are  essential  adjuncts  to  local  treat- 
ment. Change  of  air  or  a  sea  voyage  is  frequently  of  great 
assistance.  The  eyes  should  be  protected  from  bright  light  and 
from  dust  by  smoked  glasses.  The  patient  should  avoid'as 
fur  aa  possible  over  fatigue  of  the  eyes,  especially  by  artificial 
light.  Tonics,  such  as  iron,  quinine,  cinchona,  and  cod  liver  oil, 
should  be  administered.  Parrish's  food,  Eastou's  syrup,  and 
similar  forms  of  medicine  are  beneficial. 

T/ie  local  treatment  consists  in  the  application  of  astrin- 
gents or  caustics  (F,  4,  8,  24,  33)  to  the  inner  surfaces  of  the 
lids  and  the  culs-de-sac  at  regular  periods. 

In  the  use  of  these  remedies  it  is  important  to  bear  in 
nnind  the  delicate  structure  of  the  mucous  membrane  we  are 
dealing  with,  and  to  realise  the  fact  that  our  object  is  to  restore 
it  to  its  proper  condition  and  function,  and  not  to  destroy  it 
altogether. 

J.  TTAm  the  granular  conjunctivitis  is  free  from  purulent 
discharge,  the  safest  and  perhaps  the  most  efficient  remedy  ia 
the  daily  application  of  a  crystal  of  sulphate  of  cop^wr.  The 
lids  should  be  everted  (see  fig.  23),  and  a  smooth  crystal  of  this 
substance  or  of  the  lapis  divinus  (F.  33)  applied  to  the  surface 
of  all  the  granulations,  and  especially  to  the  upper  cul-de-sac- 
These  surfaces  should  then  be  lightly  washed  with  cotton-wool 
and  water,  and  the  lids  restored  to  their  [Kisition.  The  applica- 
tions should  be  repeated  every  twenty-four  hours  without  remis- 
fiioo  until  the  granulations  have  disappeared,  and  even  then 
I  hfy  should  be  continued  twice  a  week  for  several  weeks.  Should 
there  be  a  lull  in  the  apparent  improvement  by  this  daily  appli- 
cation, it  is  well  to  substitute  the  weak  nitrate  of  silver  crayou 
(F.  4)  for  the  copper  every  third  or  fourth  day,  always  remem- 
bering to  wash  away  the  superfluous  salt  before  returning  the 
eyelids. 

With  these  efforts,  combined  with  attention  to  the  improve- 
meat  of  the  general  health,  there  are  few  cases  that  will  not 
yield  to  treatment  in  from  five  to  ten  weeks,  especially  when 
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is  too  elaborate  to  be  carried  out  in  any  but  private  cases,  the 
demand  of  tirae  being  greater  than  either  the  doctor  or  the 
pntient  can  afford  to  give.  It  remains  therefore  either  to  teach 
the  patient  to  apply  the  remedy  himself,  or  to  instruct  some 
friend  how  to  do  it  for  him. 

No  doubt  other  remedies,  such  as  the  lapis  divinua  (F.  33), 
the  glycerine  of  tannin,  or  the  solution  of  tannin  in  syrup, 
would  be  equally  beneficial  if  constantly  applied.  The  subace- 
tate  of  lead  in  solution  or  in  iwwder  is  recommended  by  some 
surgeons ;  but  knowing  the  facility  with  which  lead  becomes 
reduced,  and  deposited  upon  the  cornea  even  in  the  slighlest 
abrasions  of  that  structure,  and  being  also  aware  of  the  great 
frequency  of  these  nbrasions  or  ulcerations  in  trachomatous 
affections,  I  never  employ  this  remedy. 

2.  When  there  is  considerable pttrul-ent  discharge  in  addition 
to  the  granular  condition,  the  treatment  should  be  similar  to 
that  prescribed  for  the  severer  forms  of  muco-pnrulent  con- 
junctivitis. The  granular  surface  of  the  eyelids  and  culs-dc- 
S.1C  should  be  first  cleansed  with  water  and  cotton-wool,  then 
painted  with  a  2  per  cent,  solution  of  nitrate  of  silver  (F.  6), 
and  again  immediately  washed,  and  the  edges  of  the  lids 
anointed  with  a  simple  ointment.  This  should  be  repeated 
every  twenty-four  lionrs  until  the  discharge  is  diminished, 
when  it  may  be  replaced  by  a  1  per  cent,  solution  of  the  same, 
or  by  the  crystal  of  sulphate  of  copper. 

3.  If  the  patient  is  unable  to  attend  for  treatment  moria 
than  once  or  twice  a  week,  and  is  unable  to  get  the  su1phat« 
of  copper  applied  at  home,  I  find  it  more  effectual  to  use  the 
stronger  form  of  nitrate  of  silver  crayon  (F.  1 )  at  each  interview, 
and  to  prescribe  an  ointment  of  yellow  oxide  of  mercury  for 
use  at  home  (F,  24),  directing  the  patient  to  introduce  a  small 
cjuantity  into  the  palpebral  aperture  twice  daily. 

When  granulations  have  become  excessively  large  it  may 
\k  well  to  excise  them  at  once  before  commencing  treatment 
by  astringent*  or  cauatics.  Dr.  Wolfe,  of  Glasgow,  states  that 
he  finds  very  beneficinl  rcsiilts  from  the  corobiuntion  of  scarifi- 
cation of  the  granular  surfaces,  and  the  subsequent  application 
of  n  solution  of  tannin  in  simple  syrup.  8ome  surgconit 
cotnmend  th«  excixion  of  the  upper  cul-de-sac  of  the  conjunctiva 


4 


PHLrCTESVLAlt   COXJCVCTIVins.  fli 

as  a  radical  cure  for  granulations.  MM.  Galezowski  and  Kichet 
report  very  favourably  of  their  reau.lt8  of  this  practice.  I  have 
performed  this  operation  about  a  dozen  times  in  conjunction 
with  peri tomy,  and  from  this  limited  esperieoce  I  consider  it 
to  be  beneficial  as  regards  the  gran  illations. 

4.  In  the  malignant  forma  of  this  disease  the  results  of 
treatment  are  moat  unsatisfactory.  Here  again  the  benefits 
of  good  constitutional  treatment  cannot  be  over-estimated. 
The  local  remedies  must  depend  upon  the  condition  of  the 
conjunctiva.  Daily  applications,  either  of  astringents  or  caus- 
tics, as  the  case  may  indicate,  will  do  much  to  mitigate 
the  results  which  would  supervene  were  the  disease  left  to 
itself. 

Phlyotenolar  coajimotiTitiB  (also  called  pustular,  scrofulous, 
strumous,  and  herpetic  conjunctivitis)  is  characterised  by  the 
presence  of  one  or  more  small  vesicles  attacking  the  sclerotic 
poitiou  of  the  conjunctiva  (see  fig.  7,  opposite  p.  74).  Each  is 
at  first  small,  conical,  and  well  defined  ;  it  seldom  measures 
more  than  from  1  to  3  mm.  across  the  base.  Its  contents 
are  at  first  clear  and  transparent,  but  soon  become  yellowish, 
indicating  the  formation  of  pus.  Sometimes  it  becomes  solid 
in  texture,  forming  a  somewhat  bard  prominence.  The  sur- 
ruunding  conjunctiva  is  swollen  and  injected,  and  there  is  fre- 
quently a  triangular  teash  of  enlarged  blood-vessels,  having  its 
apex  at  the  phlyctenula  and  its  base  towards  either  the  inner 
or  the  outer  canthus.  The  number  of  these  phlyctenulic  varies 
Crom  one  to  five  or  six.  line  or  two  will  appear  by  preference 
at  the  sclero-comeal  junction,  although  they  may  be  entirely 
corneal,  or  entirely  in  the  sclerotic  portion  of  the  conjunctiva, 
or  they  may  occupy  any  of  these  positions  simultaneously;  when, 
however,  more  tlian  two  occur,  they  generally  appear  in  suc- 
ccBsivc  crops.  So  long  as  the  corneal  portion  of  the  conjunctiva 
is  not  simultaneously  ati'ected,  there  is  little  or  no  inconveni- 
ence bt-yond  a  pricking  sensation,  increased  secretion  of  mucus, 
■nd  more  freiiuent  blinking  than  normal.  As  soon,  however, 
ai  the  cornea  is  attacked  (phlyctenular  keratitis),  even  though 
it  be  near  thr  periphery,  there  is  increased  lachrymation,  and 
photophobia  may  be  so  great  as  to  cause  blepharospajsm  (p.  79). 
^g^Jaaome  cases  these  pustules  are  accompanied  by  a  more  extended 
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infiammation   of    the   conjiinctiva,   presenting  the   combined 
symptoms  of  mQco-piinilent  and  phlycteoulfir  conjunctivitis. 

This  affection  is  common  in  children  up  to  the  age  of  ten 
or  twelve  years,  but  may  occur  at  any  period  of  life.  It  in 
frequently  accompanied  by  impetigo  of  the  face  and  head.  The 
Biibjects  are  generally  aosemic,  badly  nourished,  and  live  in 
crowded  and  ill- ventilated  dwellinge. 

Prognoala   anil   trealmeiit.—Sa  long  as  the  corneHl   con- 
junctiva is  unaffected,  the  phlyctenules  break  down  after  a  few 
days,  leaving  a  superficial  ulcer,  which  rapidly  heals,  and  the   ' 
conjunctival  redness  disappears.     The  diseafie,  however,  shows  a 
great  tendency  to  recturence. 

The  process  of  healing  is  assisted  by  the  use  of  mild  astrin- 
gents, such  as  the  yellow  oxide  of  mercury  ointment  (F.  24), 
the  solution  of  boracic  acid  (F.  14),  and  other  simple  astringents. 

Constitutional  treatment  is  also  imi>ortant.  A  wholesome 
diet  and  good  hygienic  conditions  should  be  prescribed  ;  also 
plentiful  ejcerciee  in  the  open  air,  and  the  internal  administra- 
tion of  tonic  medicines — Parriah's  food,  cod  liver  oil,  decoctioa  j 
or  tincture  of  cinchona,  &c. ;  also  sulphide  of  calcium  in  -^^  gr, 
doses  every  few  hours. 

Membranoiu  or  diphtheritic  CDqjnnotintis  is  comparatively 
rare  in  this  country ;  nevertheless  a  good  number  of  cases  hav« 
been  recorded,  and  in  Germany,  where  the  graver  forms  of  the 
affection  appear  to  be  of  more  frequent  occurrence  than  in 
Great  Britain  and  France,  the  subject  has  received  considerable 
attention.  . 

A.  Graefe '  endeavoured  to  arrange  these  cases  into  two 
classes : 

(o)  The  diphtheritle,  in  which  in  the  first  stage  there  is 
brawny  swelling  of  the  lids,  a  pale  bloodless  condition  of  the    i 
conjunctiva,  a  very  adherent  whitish  membrane,  and  a  thin, 
scanty  discharge. 

(6)  The  paeudo-membranoua^  or  croupoait,  in  vhich  there 
is  a  slightly  adherent  jM'tlitle  of  exudation,  a  succulent  con- 
junctt^ii,  which  bleeds  easily  when  touches],  and  more  or  less 
muco-purttlent  or   purulent   discharge.      He   admitted,  how- 
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evCT-,  that  cases  iatermediate  between  these  two   classes  do 
sometimes  occur. 

De  Wecker '  also  draws  a  line  of  demarcation  between  what 
he  terms  croupal  and  diphtheritic  coDJUQctivitis. 

Professor  Tweedy '  also  maintains  the  classical  distinction 
between  membranous  and  diphtheritic  affections. 

I  fully  acknowledge  the  extreme  severity  of  the  majority  of 
t  hose  cases  which  are  directly  traceable  to  diphtheria  ;  yet  some 
of  these  are  of  a  milder  type  and  less  pernicious  in  their  results 
than  others  of  the  so-called  membranous  conjunctivitis,  in 
which,  beyond  the  condition  of  the  conjunctivu,  no  symptom  of 
diphtheria  can  be  found.  I  have  made  microscopic  examina- 
tions of  both  the  diphtheritic  and  the  membranous  forms 
of  conjunctivitis.'  In  each  the  conjunctiva  is  thickened  by 
infiltration,  consisting  chiefly  of  leucocytes;  towards  the  sur- 
face these  are  so  thick  and  numerous  that  nothing  else 
is  visible.  Deeper  down  the  blood-vessels  are  completely 
ociclnded  by  similar  cells,  no  red  blood  corpuscles  are  visible ; 
even  in  the  deepest  parts  these  leucocytes  are  very  numer- 
ous, occupying  the  interstices  between  the  connective  tissue. 
In  some  of  the  chronic  cases  the  white,  caseous-looking  sub- 
stance, which  can  be  separated  with  forceps,  presents  a  memi- 
crystidline  appearance,  simulating  cholesterine.  This  condition 
of  an  opoque,  whitish,  adherent  membrane,  with  more  or  less 
Folid  infiltration  of  the  ocular  or  palpebral  eonjnnctivn,  may 
occur  in  conjunction  with  throat  diphtheria;  it  may  be  the 
result  of  inoculation  with  diphtheritic  discharge  from  another 
person  ;  it  may  occur  as  one  of  the  sequelie  of  an  acute  illness, 
or  during  the  course  of  an  attack  of  scarlet  fever ;  or  it  may 
•apftrvcae  id  a  case  of  simple  inuco-purulent  or  purulent 
coojunctiTitifl,  especially  when  strong  caustics  are  too  freely 
applied.  For  thesi"  reasons  I  am  inclined  to  think  witii  Mr. 
Nettleship*  that  we  should  abandon  tbe  distinction  betweea 
diphtheritic  and  membranous  conjunctivitis. 

There  are  mjiny  degrees  of  severity  in  this  affection,  vary- 
ing from  a  simple  patch  of  a  few  millimetres  diameter  of  slow 
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ineiease,  and  unattended  by  constitutional  disturbance,  to  that 
condition  in  which  the  whole  of  the  palpebral  and  ocular  con- 
junctiva is  involved,  causing  rapid  destruction  of  the  cornea, 
and  attended  by  considerable  pyrexia,  with  severe  pain  in  the 
eyes,  the  temples,  and  the  head. 

Ti'eatiiient. — In  tkesevrre  and  acute  forms  active  mea«urea 
must  be  taken  to  reduce  the  local  inflammation,  to  prevent  the 
destruction  of  the  cornea  by  pressure  of  the  swollen  conjunctiva, 
and  to  support  the  constitution  of  the  patient.  Unfortunately,  all 
the  means  we  possess  are  too  fiequently  futile  in  preventing 
partial  or  complete  sloughing  of  the  cornea.  The  application 
of  caustics  is  generally  regarded  as  increasing  the  danger, 
Jacobson  recommends  the  use  of  iced  compresses  continuously 
applied;  the  effect,  however,  should  be  watched,  and  if  the 
symptonin  do  not  improve,  or  should  appear  to  be  aggravated, 
they  must  be  substituted  by  hot  fomentations,  which  may 
with  advantage  contain  a  small  percentage  of  carbolic  or 
salicylic  acid.  A  few  leeches  may  be  applied  to  the  temple, 
or  to  the  lids,  if  the  patient  can  afford  the  loss  of  blood.  Mode- 
rate scarification  of  the  mucous  surfaces  may  alno  he  of  great 
benefit,  and  even  the  division  of  the  outer  eanlhus  may  be 
effective  in  relieving  the  globe  from  the  bad  results  of  com- 
pression, and  in  favouring  ihcflocal  applications.  With  regard 
(o  constitutional  treatment,  some  surgeons  recommend  the 
administration  of  nicrcnry  till  slight  salivation  i.?  pnxluced. 
Others  prefer  a  tonic  and  supporting  plan  of  treatment  by  the 
copious  use  of  nutrient  foods,  iron,  quinine,  ammonia,  bark,  &c. 

In  the  milder  and  c.kr<xnic  forms  the  exudntioo  should  be, 
as  far  as  possible,  [>eeled  off  daily ;  the  surface  should  then  be 
treated  with  some  astringent,  such  as  the  lapis  divinus,  once 
ilaijy,  or  with  lotiun  of  qninine  (2  per  cent.),  or  of  salicylic  acid 
;it  fri'ipient  intervals. 

Fterygtnm  is  a  thickened  condition  of  aipart.  of  the  oculnr 
conjunctiva.  It  usually  comuienceB  opposite  to  the  aperture 
formed  by  the  oi>ened  eyelids,  and  is  mori;  common  on  tho 
naaol  than  on  the  tempond  side  of  the  cornea,  although  it  may 
occupy  both  these  jmsitions  in  the  same  eye,  or  even  in  both 
eyes,  at  the  same  time.  Ench  patch  appears  in  the  form  of  a 
triangle,  vf  which  the  apex  is  dirtscted  towards,  or  encroaohet 
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npoa,  the  cnmea,  tlie  sides  being  free  and  formed  by  a 
double  fold  of  the  mucoufl  nieiubraoe,  under  which  a  prnlw 
can  be  easily  passed.  Its  colour  is  generally  so  similar  to 
that  of  the  conjunctiva  that  it  usually  passes  unnoticed  until 
it  attacks  the  cornea  (see  fig,  2.  opjwsite  p.  74);  sometin3ei<, 
however,  it  becomes  vascular  in  structure,  and  then  has  a 
bright  red  colour.  It  varies  greatly  in  thickness  and  in  the 
rapidity  of  its  growtli.  In  soihe  cases  it  continues  for  many 
years  without  ap[)areiit  increase  ;  in  others,  especially  those 
of  the  vascular  kind,  the  increnne  may  be  rapid.  In  the 
majority  of  cases  it  causes  but  little  or  no  inconvenience ;  but 
when  the  thickening  is  great,  the  conjunctiva  is  liable  to  in- 
flammatory attacks.  So  long  as  the  growth  does  not  extend 
to  the  front  of  the  pu]iillary  aperture,  the  vision  is  unaffected  ; 
but  after  it  has  reached  this  region,  the  vision  decreases  in 
proportion  to  the  extent  of  the  pterygium.  Pterygium  is 
thonght  to  be  caused  by  persistent  exposiu'e  of  the  conjunctiva 
to  irritating  substances,  and  to  commence  as  a  small  abrasion 
or  ulcer  opposite  the  sclero-comeal  junction.  It  is  most  com- 
mon in  those  who  have  travelled  or  spent  some  years  in  h"t 
dusty  countries,  and  in  stonemasons  and  others  who  are  exposed 
to  irritating  substances. 

Trfatmetit. — When  the  cornea  is  only  slightly  or  not  at 
nil  involved,  and  when  the  increase  is  evidently  slow — that  is, 
where  increase  is  imperceptible  during  six  or  twelve  months' 
observation — no  treatment  is  called  for. 

Where  increase  is  evident,  and  the  pterygium  has  com- 
menced its  march  upon  the  cornea,  its  removal  by  operation 
■hould  be  at  once  resorted  to.  This  can  be  effected  by  (I ) 
transplantation,  (2)  excision,  or  (3)  ligation. 

1.  7'ra.n«p/a7i(a(iim(Dearaarre'a  operation). — The  lids  being 
wforated  by  a  speculum,  the  pterygium  is  seized  with  forceps 
and  dissected  completely  away  from  the  cornea  and  the  con- 
jimctiva  as  far  as  its  base.  The  lower  Bap  of  the  incision 
formed  in  the  ocular  conjunctiva  by  the  removal  of  the  ptery- 
ginm  is  now  enlarged  by  an  incision  of  several  millimetres  in 
length,  roade  parallel  to  the  lower  margin  of  the  cnmea,  Tlie 
onjanclivn  is  then  dissected  away  from  the  globe  to  an  extent 
fficient  to  receive  the  pterygium  beneath  it.     The  pterygium 
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is  then  twisted  under  this  flap  of  conjunctiva  and  fastened  in 
its  new  position  by  one  or  two  fine  silk  sutures.  Finally,  the 
cut  edges  of  the  conjunctiva  are  brought  into  apposition  by 
similar  sutures. 

The  dissection  can  be  made  with  curved  scissors  or  a  Beer's 
Mitaract  knife.  An  excellent  little  knife  is  used  for  this  pur- 
pose by  Mt.  Anderson  Critchett.  It  is  rounded  at  its  extre- 
mity, and  the  cutting  edge  is  continued  a  short  way  up  the 
back  of  the  blade.  It  is  made  by  Weiss.  This  method  gives 
very  satisfactory  results;  the  transplanted  conjtmctiva  soon 
liecomes  shrunken  and  imperceptible. 

2.  Excision  is  performed  in  a  manner  similar  to  the  first 
stage  of  transplantation,  the  mass  being  cut  away  at  its  base 
by  two  incisions  meeting  at  the  commissure.  The  edges  of  the 
wound  are  brought  together  by  fine  silk  sutures. 

3.  Liijatiuii  is  performed  by  transfixing  the  base  of  the 
pterygium  by  several  silk  ligatures  and  tying  them  tightly  in 
such  a  manner  as  to  involve  the  whole  of  the  base  of  the 
growth,  which  soon  sloughs,  and  can  be  removed  with  forceiw. 

FingaecoU  is  a  small  whitish  or  yellowish  white  tumour 
of  from  1  mm.  to  4  mm.  diameter,  situated  in  the  ocular  con- 
junctiva close  to  the  cornea,  and  opposite  the  palpebral  fissure. 
It  more  commonly  occurs  on  the  temporal  than  on  the  nasal 
side  of  the  cornea,  but  it  frequently  comes  on  both  sides  and  in 
both  eyes.  It  involves  the  whole  thickness  of  the  conjunctiva, 
with  wliich  it  moves  when  the  latter  is  displaced.  It  is  more 
common  after  middle  age  than  before  that  period,  also  in 
jiersons  who  are  exposed  by  (heir  occupation  to  irritating  va- 
jiours  and  substances.  Microscopically,  pinguecula  consists 
chiefly  of  condensed  cellular  tissue;  the  epithelial  layer  of  the 
conjunctiva  is  thickened,  and  the  blood-vessels  are  obliterated. 
It  causes  no  trouble  or  inconvenience  ;  after  attaining  a  certain 
magnitude  it  remains  stationary.  As  a  rule  no  treatment  is 
required,  but  no  harm  would  be  doue  by  its  removal. 

Amyloid  degeneration  of  the  ooqjoDotiTa. — This  is  a  rare 
affection,  iu  which  there  is  a  soft  gelatiuous-looklng  hyper* 
trophy  of  the  conjunctiva,  unattended  by  inflammation  or  pain. 
it  appears  fimt  to  iiMack  the  sclerotic  jwrtion  of  the  conjunc- 
tiva, luid  thence  to  spread  to  that  of  the  pati»ebrfp  and  the 
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cornea.  According  to  Leber,  amyloid  degeneration  is  a  purely 
local  malady ;  it  may  come  on  as  a  primary  affection  of  the 
conjunctiva,  or  it  may  be  consecutive  to  chronic  granular  con- 
junctivitis. The  process  consists  in  the  development  of  amyloid 
corpuscles  or  trabeculae,  which  are  situated  in  a  clear,  liquid 
matrix,  and  are  inclosed  in  a  special  membrane,  containing 
numerous  nuclei.  The  corpuscles  and  trabecular  give  a  decided 
amyloid  reaction  when  treated  with  iodine  and  sulphuric  acid. 

Xerotii  is  a  very  uncommon  form  of  disease,  which  is  cha- 
racterised by  a  peculiar  dryness  of  the  conjunctiva,  giving  it 
a  shrivelled,  skin-like  character,  in  consequence  of  atrophy  of 
its  tissue,  and  obliteration  of  its  secretory  elements.  Its  treat- 
ment is  very  unsatisfactory.  The  application  of  glycerine  and 
Ixindaging  is  advised  as  a  palliative.  M.  Oilier,  of  Lyons,  has 
found  benefit  from  keeping  the  eyelids  closed  for  many  months. 
In  order  to  effect  this  he  pares  the  edges  of  the  lids,  and  brings 
them  together  by  sutures,  so  as  to  produce  symblepharon. 
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CHAPTER    IV. 
DISEASES   OF  THE   COBXEA. 


T—  ISPLAHJIATIOS  - 


Anatomy  and  phygiolog^. — The  cornea  is  nearly  circular  in 
shape,  and  is  quite  transparent;  its  arc  extends  to  about  one- 
sisth  of  the  circumference  of  the  globe.  It  has  a  smaller 
radius  of  curvature  than  that  of  the  sclerolic,  and  bo  projects 
forwards  beyond  the  general  surface  of  cunature  of  that  mem- 
brane. 

In  the  cornea  (%.  1,  on  the  opposite  page),  we  find  from 
before  backwards  the  anterior  epithelium,  Bowman's  membrane, 
the  substantia  propria,  the  jiosterior  elastic  lamina,  or  Descemet'a 
membrane,  and  the  endothelium. 

The  anterior  epithelium  is  of  the  stratified  pavement  vnrieiy, 
arranged  in  several  layers,  tte  deepest  of  which  is  composed  of 
columnar  cells,  each  with  an  oval  nucleus;  then  follow  two  or 
three  layers  of  polyhedral  cells,  each  with  a  spherical  nucleus; 
lastly,  there  are  two  or  three  layers  of  flattened  cells,  each  with 
a  discoid  nucleus.  Tliis  epithelium  is  continuous  with  that  of 
the  conjuuctiTB,  from  which  it  dilTers  in  being  thicker  and 
more  transparent  (see  tig.  Z,  on  the  opposite  Jiage). 

Bowman's  membmne  is  the  transparent  homogeneotu- 
looking  anterior  part  of  the  substantia  propria.  It  is  considered 
by  some  high  authorities  to  be  a  distinct  imd  almost  structure- 
less membrane,  hut  recent  researches  show  that  it  only  differs 
from  tlie  rent  of  the  lamellts  in  containing  fewer  lacimfe  and 
corneal  corpuscles. 

The  aubataniia  propria  is  conttnaous  with  the  eclerotir ;  it 
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consists  of  numerous  lamella  of  bimdles  of  fibrillar  i'omiec;tive 
timue.  The  bundles  and  the  fibrilife  are  united  by  a  semi-fluid, 
albuminous,  interstitml  cement  substance.  This  cement  sub- 
stance is  arranged  in  distinct  layers  between  the  lumella^,  and 
in  each  of  theB(>  layers  are  found  lacunae,  and  anastomosing 
canaliculi,  constituting  the  lymph  canalicular  system  of  Reek- 
iingliaasen.  These  anastomose  freely  with  the  lymphatics  of 
the  conjunctiva  at  the  circumference  of  the  cornea.  Each 
lacuna  contains  a  corneal  corpuscle,  from  which  branches 
extend  into  all  the  canaliculi,  thus  forming  an  anastomosis  of 
cmneal  corpuscles  (see  fig.  2,  opposite  i>age  68).  The  lacunie, 
however,  are  not  completely  filled  by  these  branched  corneal 
corpuscles,  there  is  sufficient  space  left  for  the  circulation  of 
pla:mia,  for  the  passage  of  migratory  cells,  and  in  some  [Mirf  s  for 
the  passage  of  nerve  fibrils  (Klein,  Recklinghausen,  Strieker, 
Bollett).  Each  corneal  corpuscle  contains  an  oval  nucleus,  and 
exhibits  contractile  movements  under  the  influence  of  electrical, 
thermal,  and  mechanical  influences.  In  the  normal  cornea 
mly  a  few  migratory  cells  can  be  observed  in  these  lacuns-, 
but  JD  inflammatory  conditions  they  can  be  seeu  squeezing 
es  through  the  finest  canaliculi  (Klein). 
The  posterior  elastic  Inminn,  or  Descemet's  membrane,  is 
mgly  resistent,  and  is  composed  of  bundles  of  very  fine 
tlastic  tissue.  At  the  circumference  of  the  cornea  it  becomes 
split  up  into  a  leash  of  fibres  to  form  the  ligamentum  pectina- 
I  turn,  these  pass  to  the  iris  and  ciliary  body,  tbey  also  give 

attachment  t«  some  fibres  of  the  ciliary  muscle.     Its  jtosterior 
surface  is  lined  by  a  single  layer  of  flattened,  nucleated  cells. 
'  These  cells  are  continue<l  along  the  fibres  of  the  ligamentum 

^H^^WCtitiatum,  and  over  the  anterior  siu-face  of  the  iris. 
^^^^H  Tk«  nervtJi  of  the  cornea  are  derived  from  t  he  ciliary  nerves  ; 
^^^^BWy  enter  the  fore  {tart  of  the  sclerotic  and  thence  pass  to  the 
^^^^■Bntantia  pro]iria  of  the  cornea  ;  they  retain  their  dark  outline 
^^^^Br  About  one  mm,,  but  then  become  transjiarent,  and  form  » 
^^^HnRxna  throughout  the  huninated  structure.  From  this  primary 
I^^^^Jexud,  other  nerves  proceed  to  form  a  finer  plenusjinit  beneath 
^  lh«!  epithelial  layer,  and  this  gives  off  branches  between  thcf 

epithelial  cells,  to  form   a  still  more  superficial  network  (see 
^■^^V'  2,  opposite  page  68). 
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All  round  the  periphery  of  the  cornea  is  a  friiif/e  of  capil- 
laries; these  are  contiiiuous  with  the  veesels  of  the  limbus 
conjunctivse  and  extend  for  about  l"5  mm.  into  the  eoraeal 
tissue. 

Oblique  focftl  iiluiiiiiiatlon  is  a  useful  method  of  examining 
the  cornea,  the  aiilerior  chamber,  the  iris,  the  cryataliine  lens, 
and  even  the  anterior  part  of  the  vitreous.  It  should  be 
adopted  as  a  routine  practice  in  all  cases  when  the  presence  of 
a  foreign  body  or  of  disease  in  these  parts  is  suspected.     The 
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[latient  should  be  seated  in  a  darkroom  with  the  ophthalmoscope 
lamp  jjlaced  about  30  cm.  to  40  cm.  to  the  tcin]>oraI  side  stid 
slightly  in  front  of  the  plane  of  the  patient's  face.  Then  by 
using  a  convex  lens  of  14  D.  or  16  D.,  and  slightly  changing 
tbe  position  of  the  lamp  and  lens,  the  light  can  be  eauily 
brought  to  n  focus  uj>on  either  of  these  structures.  The  part 
thus  illuminated  can  at  the  same  time  Ite  magnified  by  aaing 
a  second  lens  held  in  the  other  hand  (see  fig.  24).  This  lens 
should  be  held  ut  it«  own  foctil  distance  from  the  part  to  b« 
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I,  the  ray9  are  then  parallel  aa  they  reach  the  observer'^ 
eye,  E'. 

Inflamniation  of  the  oornea  (keratitis,  comeitis)  occurs  in 
varioDB  forms  and  degrees  of  severity.  It  is  nearly  always 
accompanied  by  more  or  less  injection  of  the  vesEels  of  the 
circumconieal  zone.  There  is  always  some  loss  of  trans- 
|>Brency  in  the  corneal  tissue,  although  this  may  in  some  case^ 
be   so  slight  that  it  can  only  be  seen  by  focal  illumination. 

I  The  vision  is  impaired  in  iiroportion  to  the  corneal  oijacity, 
Be  following  classification  of  inflammations  of  the  cornea  is 
iODV«nient : 
L    1.  Interstitial  or  diffuse  keratitis. 
■    2.  Punctate  keratitis. 
I    3.  Vascular  keratitis  or  pannus, 
K   4.  Phlyctenular  keratitis. 
B   S.  Suppurative  keratitis. 
m  I  a.  Superficial  ulcers. 

■   6.  Ulcerative  keratitis  'ft.  Deep  ulcers. 
I  \c.  Seri>iginons  nkerij!. 

B  1.  lotentitial  keratitiB  (syphilitic,  strumous,  parenchy- 
natoos). 

Symptoms. — In  these  forms  of  keratitis,  the  whole  cornea 
I  uodergrjes   a  chronic   inflammatory   change,   and   evinces   no 

tendency  either  to  the  formation  of  pus  or  to  ulceration. 
First,  there  is  slight  congestion  of  the  vessels  in  the  ciliary 
le^on  around  the  margin  of  the  cornea,  theu  a  diffused  greyish 
<ti|«city  at  the  centre;  this  may  be  ra  slight  that  it  is  only 
""  iced  by  oblique  fot'al   illumitiation;    soon,  however,  il 

imes  decidedly  cloudy,  some  of  the  opacity  being  near  the 
nir&ces,  and  other  patches  deeper.  This  cloudiness,  or  ground 
glass  appearance,  gradually  extends  over  the  cornea,  until  the 
pnpil  iiud  iris  are  more  or  lesis  hidden  from  view.  In  the  most 
Mvere  cases  the  ojMicity  assumes  a  yellowinh  tint,  and  no  trace 
of  the  iris  can  theu  be  seen,  even  with  the  oblique  illumination. 
The  degree  of  jwin,  photophobia,  and  congestion  of  the  con- 
junctiva is  variable.  In  some  cases  these  symptoms  are  very 
nlight  from  the  beginning  to  the  end  of  the  case,  in  others  the 
L  eyes  are  extremely  hyper-sensitive  to  light,  very  painful,  and 

^H^Abe  ocular  coDJunctiva  much  congeiiiteil. 
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In  many  cases,  very  njinate  blooJ-vessela  are  formed  in  the 
layers  of  the  cornea.  These  are  derived  from  branches  of  the 
ciliary  vessels;  tbey  are  extremely  line  and  their  separate 
branches  can  only  be  distingTiished  by  means  of  a  magnifying 
lens,  when  they  appear  in  the  fonn  of  a  fine  network  of 
branches  which  are  given  off  from  a  larger  trunk  at  the 
jieriphery  of  the  cornea.  These  vascular  areas  are  not  of  a 
bright  red  colour,  unless  they  are  veiy  near  the  surface  ;  when 
deep  down  in  the  corneal  tissue  their  colour  is  modified  by 
the  opacity,  and  they  appear  to  be  of  a  dull  reddish  colour, 
tbe  'salmon  jiatch'  of  Hutuhinson.  They  may  occur  in  any 
jMsition ;  and  oflen  attack  the  upper  or  lower  margin  of  the 
cornea.  Fig.  4,  opposite  page  74,  represents  a  severe  case  of  this 
disease.  Tbe  whole  cornea  is  opaque,  and  a  salmon  pat«h  is 
seen  over  its  upper  third. 

Complicatmis  are  not  unfrequenl:  in  the  tissues  of  the 
neighbouring  parte.  The  most  common  of  these  are  iritis  and 
cyclitis.  Ditfuse  keratitis  uBually  attacks  both  eyes,  but  as  a 
rule  one  cornea  is  first  invaded  and  rendered  f.iirly  opaque, 
liefore  the  attack  in  the  second  eye  commences.  The  interval 
between  the  attacks  in  the  two  eyes  is  ^'ariable  from  two  or 
three  weeks  to  as  many  months.  It  generally  occurs  between 
the  ages  of  6  and  15,  although  it  is  sometimes  seen  as  early  as 
ttiree,  and  has  been  known  as  late  as  thirty-five  years. 

The  dv.Tation  of  this  affection  under  proper  treatment  is 
on  an  average  from  about  six  months  to  a  year ;  but  severe  cases 
are  sometimes  several  years  before  they  become  stalioniiry. 

Vision  is  nearly  always  somewhat  impaired  after  this  disease, 
Tbe  cornea  may  look  very  transparent,  and  only  the  faintest 
haze  may  be  detectable  by  focal  illumination ;  but  this  will 
almost  invariably  be  found  to  interfere  with  distinct  vision, 

Oay^fs- — The  m^ority  of  cases  of  diffuse  kemlitis  nn- 
doubtedly  result  from  inherited  syphilis,  and  in  a  few  it  has 
been  traced  to  acquired  sypliilis.  Many  cases,  however,  come 
under  notice  in  which  no  .'i|>evific  history  can  be  traced.  When 
line  to  inherited  syphilis,  other  symptoms  of  this  affection  ean 
generally  be  disoovered.  The  j>atient '  presents  a  very  peculiar 
physiognomy,  of  which  a  coarse  flabby  skin,  pits  and  scars  on 
ttie  Eaue  aod  forehead,  cicatrices  of  old  Saaurea  at  the  angles  of 
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the  moulh,  a  sunken  bridge  to  the  nose,  and  a  set  of  permanent 
teeth  peculiar  for  their  smallness,  bad  colour,  and  the  vertically 
notched  edijes  of  the  upper  central  inciaora,  are  the  most 
striking  characters.' ' 

Other  Bvmptoins  of  inherited  specific  disease  can  often  be 
deteiited  in  the  brothers  and  sisters  of  the  patient,  and  the 
hiator;  of  acquired  syphilis  can  often  be  elicited  from  one  of 
the  purents,  either  directly  from  their  own  statements,  or  in- 
directly by  interrogation ;  thus  it  will  frequently  be  found 
that  the  mother  of  the  patient  suffered  from  numerous  mis- 
otrriages,  or  that  several  children  prior  to  the  patient  were 
either  prematurely  born,  still-bom,  or  died  in  early  infancy, 
often  with  speciSc  sj-mptoros.  With  regard  to  this  method  of 
ucertaining  the  cause  of  diffuse  keratitis  otherwise  than  in  the 
eyes  of  thi^  patient,  Mr.  Xettleship  says:  f  i  have  found  other 
personal  evidence  of  inherited  syphilis  in  54  per  cent,  of  ray 
cues  of  interstitial  keratitis,  and  evidence  from  the  family 
history  in  14  per  cent,  more  ;  total  68  per  cent. ;  and  in  most 
of  the  remaining  32  per  cent,  there  have  been  strong  reasons 
to  Hus[>ect  syphilis.'  * 

Treatment  must  be  directed  to  the  improvement  and  sup- 
port of  the  general  heallh  as  well  as  to  the  local  condition. 
The  subjects  of  this  disease  are  generally  weak,  and  frequently 
ansmic.  It  is  importjint  that  they  should  be  placed  under  the 
best  hygienic  conditions,  that  they  should  have  abundance 
of  nutritious  food,  and  plenty  of  exercise  in  the  open  air. 
Strong  alcoholic  drinks  should  be  scrupulouitly  avoided.  A 
prolonged  course  of  mercury  should  be  prescribed ;  any  of  the 
utercurial  preparations  will  answer  the  purpose,  such  as  pil. 
hydrargyri,  hydrarg.  cura  creta,  the  perchloride,  &e.,  or  the 
inanction  of  unguentum  hydmrgyri  in  the  aiills.  Which- 
ever form  is  prescribed  it  should  be  continued  for  a  long 
time,  bnt  ita  action  must  be  carefully  watched  lest  salivation 
b<s  produced.  The  state  of  the  gums  and  inside  of  the  lips 
should  be  examined  at  each  visit,  and  any  sponginess  being 
obaerved,  the  medicine  should  be  stopped  until  these  sym- 
ptoms have  disnppenred.     In  addition  to  mercury,  the  internal 

'  Sfphilirie  Ditcatfi  1^  the  Ej/f  aid  I'ar,  by  Jonatbui  Uatcbiotoo,  p.  30. 
"  Ottnuri  ttfthe  Hyt,  bj  E.  Nettlcihipf  IBSa.p.  1<J1. 
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Fig.  l.^Pannns  (partial). 
„    ?, — Pterygium. 
f,    3. — Local  Keratitis. 

„    4. — Interstitial  Keratitis  (Salmon  patch  above). 
„    5.— Punctate  Keratitis. 
„     6. — Ulcer  of  Cornea  (healing). 
„    7. — Phlyctenular  Conjunctivitis. 
„    8. — Plastic  Iritis. 
,,    9. — Severe  Plastic  Iritis. 

„  10. — Posterior  Synechia  (Atropine  has  been  used). 
„  11. — Hypopyon. 
„  12. — Blood  in  Anterior  C*hamber. 
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admimstraHoa  of  cod  liver  oil,  of  the  ayrup  of  phosphates  of 
iron,  quinine,  and  strychnine,  of  the  sjTup  of  the  iodide  of 
iron,  or  of  the  perchloride  of  iron  with  quassia,  is  a  very  valu- 
able adjunct.  The  eyes  should  be  shaded  from  bright  light 
and  exposure  to  cold  by  means  of  tinted  glasses  ;  if  there  is 
photophobia,  they  had  better  be  closed,  and  covered  by  small 
l>ads  of  cotton-wool  and  a  bandage.  A  J  per  cent,  solution  of 
atropine  should  be  sj'Htematically  dropped  into  the  palpebral 
aperture  once  or  twice  daily  throughout  the  active,  inSum- 
matory  stage;  this  not  only  acta  as  a  sedative,  but  by  causing 
dilatation  of  the  pupil,  jirevents  adhesions  (synechite)  if  iritis 
is  present.  When  inflammation  has  subsided,  and  there  is 
no  redness  in  the  circumcomeal  zone,  nor  any  photophobia 
remaining,  the  use  of  the  yellow  oxide  of  mercury  ointment 
(F.  24)  is  advisable,  as  it  promotes  absorption  of  the  opacity; 
it  should  be  put  into  the  palpebral  aperture  night  and 
morning. 

2.  Pnnotate  keratitis  is  characterised  by  the  existence  of  dots 
of  opacity  on  the  posterior  surface  of  Deacemet'B  membrane  (see 
fig.  5,  op[)osite  p,  74).  The  term  was  fonnerly  employed  by  some 
Kurgeuns  to  indicate  any  dotted  appearance  in  this  or  other  parts 
of  the  cornea.  The  dots  are  variable  in  size  and  arrangement, 
Kometimes  being  visible  to  the  naked  eye,  at  others  requiring 
oblique  focal  illumination  and  the  use  of  a  magnifying  lens. 
MicroBCopically  they  are  seen  to  be  as  accumulations  of  nucle- 
iit«d  cells  of  similar  nature  to  those  of  the  epithelioid  layer, 
which  is  also  thickened  in  other  parts  (see  fig.  1,  opposite  p.  120). 
Keratitis  punctata  is  almost  invariably  secondary  to  inflamma- 
tion of  some  neighbouring  part,  as  the  iris,  ciliary  body,  or 
choroid.  It  occurs  in  the  sympathising  eye  in  sjmi^thetic 
opbtbalmitis,  where  the  dots  are  usually  distributed  irregularly 
arer  the  epithelioid  layer.  It  often  appears  in  the  course  of 
specific  serous  iritis,  where  it  usually  assumes  a  triangular  form; 
the  apex  of  the  tTJangle  is  in  front  of  the  pupil,  and  the  base 
•t  the  circumference  of  the  cornea,  usually  below. 

3,  Tawmlar  kerstitii  or  pumot  is  a  superficial  vascularity  and 
opacity  of  the  cornea  (fig.  1,  opposite  p.  74,  also  fig.  5,  opposite 

EIn  it  we  find  the  deep  |jortions  of  the  epithelial  layer  of 
»  infiltrated  with  a  number  of  nucleated  cells,  amongst 
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which  very  fine  blood-vessels  make  their  appearance  and  &nall7 
become  bo  large  as  to  be  visible  to  the  naked  eye  ;  these  vessels 
are  continuous  with  those  of  the  Umbus  conjunctiva,  and  when 
sufficiently  far  apart  to  be  Been  separately,  present  a  tortuosity 
which  distinguishes  them  from  those  met  with  in  other  forras 
of  inflammation  of  the  cornea.  The  superficial  layers  of  the 
corneal  tissue  also  become  somewhat  affected,  being  invaded 
by  patches  of  opacity.  The  number  of  vessels  varies  with  the 
severity  of  the  case  ;  sometimes  they  are  only  three  or  four  ia 
number,  and  the  o^mcity  so  «light  as  to  be  hardly  perceptible. 
In  the  severer  forms  they  are  so  numerous  as  to  constitute  a 
thick  fleshy-looking  web,  and  the  opacity  of  the  sub-epithelial 
tissue  is  so  great  that  the  patient's  vision  is  reduced  to  mere 
perception  of  light. 

Pannus  is  almost  invariably  caused  by  granular  conjuncti- 
vitis, and  commences  usuallyiu  that  part  of  the  cornea  which  is 
rubbed  against  by  the  upj>er  lid;  it  is  always  accompanied  bj 
more  or  less  photophobia,  laohrymiition,  pain  in  the  eye,  swell- 
ing of  the  edges  of  the  lids,  and  impairment  of  vision.  It  is 
sometimes  complicated  by  other  lesions,  as  ulcer  of  cornea, 
iritis,  &c 

Treatment. — In  all  cases  of  [>annu8  we  have  to  direct  our 
attention  to  the  removal  of  two  conditions,  viz.  the  grnniitar 
condition  of  the  conjunctiva  and  the  vascular  web  and  opacity 
of  the  surface  of  the  cornea.  As  the  morbid  condition  of  the 
cornea  is  secondary  to  that  of  the  granular  lids,  this  should  bo 
first  treated  by  the  methods  recommended  under  the  head  of 
granular  conjunctivitis  (p.  59).  If  these  measures  fail  to  cure 
the  pannus,  the  operation  of  peritomy  (syndectomy)  may  bo 
performed.  This  consists  in  the  removal  of  a  zone  of  conjunc- 
tiva and  subconjunctival  tissue  from  the  immediate  vicinity  of 
the  cornea.  The  patient  being  fully  under  the  influence  of 
ellier,  and  the  eyelids  widely  BC|)iirated  by  u  spring  speculum, 
the  conjunctiva  is  dividinl  by  small  btunl-ending  scissors,  at  a 
distance  of  3  to  4  mm.  from  the  entire  circumference  of  the 
cornea;  the  strip  thus  formed  between  the  incision  and  the 
cornea  is  then  to  be  dissect  ed  off  with  the  same  scissors  aa  dott 
OM  poaaihle  to  the  edge  of  the  cornea  and  to  the  surface  of  the 
•clerotio.     This  operation  was  extensively  practised  by  the  lata 
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Mr.  Critchett,'  who  found  that  it  accelerated  the  cure  of  the 
gnnular  Hds  as  well  as  that  of  the  jtannus.  Its  beneficial 
resalts  do  not  immediately  appear ;  in  fact,  the  condition 
■ometimes  seems  rather  aggravated  during  the  first  vreek  fol- 
knring  the  operation ;  but  as  soon  as  new  tissue  has  been 
deposited,  and  a  white  cicatricial  line  is  observed  around  the 
oornea]  margin,  there  is  marked  improvement.  When  pannua 
\m»  been  allowed  to  become  complete,  so  that  a  fleshy-looking 
vaBcalar  web  has  formed  over  the  whole  cornea  and  no  trans- 
parent portivn  remains,  inocnlation  of  pus  is  sometimes 
performed.  The  process  consists  in  simply  transferring 
atone  pumlent  matter  from  the  eye  of  an  infant  during  the 
first  week  of  an  attack  of  ophthnlmia  neonatorum  into  the 
palpebral  aperture  of  the  patient.  An  acute  attack  of  pumlent 
eonjtmctivitis  is  thus  established,  and  is  sometimes  followed 
by  clearing  np  of  the  cornea.  Not  unfrequently,  however, 
the  process  is  followed  by  complete  destruction  of  the  eye. 
The  contagious  and  destructive  nature  of  this  remedy  renders 
it  very  objectionable.  It  should  only  be  adopted  as  a  last 
resource. 

De  Wecker  •  has  recently  introduced  the  artificial  produc- 
tion of  pnrulent  conjunctivitis  hy  means  of  jequirity,  as  a  means 
of  cure  both  for  granular  lids  and  for  pannus.  An  infusion  of  the 
seeds  of  jequirity'  is  used  for  this  purpose.  It  is  prepared  as 
follows:  Take  3  grammes  of  the  pulverised  seeds,  and  macerate 
for  twenty-four  hours  in  500  grammes  of  cold  water,  and  tlien 
add  500  grammes  of  boiling  water.  Allow  the  infusion  to  cool, 
tien  filter  immediately. 

Tlic  patient  is  tx>  bathe  his  eyes  with  (bis  infusion  three 
times  in  the  day.  If  the  resulting  irritation  is  severe,  this  will 
be  mfficient,  otherwise  the  application  must  be  continued  on 
the  second,  and,  if  necessary,  on  the  third  day. 

It  is  followed  in  a  few  hours  by  nevere  irritation  of  the 
ocular  and  [laljiebral  cnnjuncti\-a.  Acute  inflammation  follows 
the  next  day,  the  patient  can  no  lunger  open  his  eyes,  the  lids 

■  Tran*iu4iBiu  of  tki  OjrlU>uUmoli>s^oal  Seeietf,  la\.  i.  f.  9.  ISgl. 
ulrtrf'On^Mti'jWT,  Augnsl  ISBi,  p.  24.     AUo  to  OpktialmU  HerUir, 

19. 

■  Tbc  ter^M  »re  nppUcd  bj  Itigaod.  Rue  Viviennc,  Vui*. 
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are  (edematous,  and  there  is  seroaa  secretion,  which  ia  sittS- 
ciently  copious  to  drop  from  the  lids  if  the  patient  lowers  hia 
head. 

This  continues  for  several  days,  and  is  accompanied  by 
jiyrexia,  sleeplessness,  headache,  and  constipntion.  After  the 
third  day  the  period  of  suppuration  sets  in,  iind  lasts  aboofc  Rre 
days.  The  suppuration  then  gradually  decrcMC!!,  and  the 
[latient  begins  to  feel  ini]jrovemeiit  op  (o  the  fifteenth  day, 
when  he  is  finally  free  ttota  in  flam  ma  I  ion,  and  cured  of  bis 
granulatioiu,  xai  the  cornea  gradually  begins  to  clear. 

As  the  result  of  his  first  experiences  of  this  drug,  De  Wecker 
anived  at  the  following  conclusions : 

( 1 )  Infusion  of  jequirity  affords  a  means  of  promptly  setting 
up  a  purulent  or  crouiKius  ophthalmia,  the  intensity  of  which 
is  greater  if  the  infusion,  instead  of  being  used  merely  as  s 
lolioD,  is  swabbed  on  the  everted  lids,  and  applied  in  the  form 
of  compresses.  In  the  majority  of  case*  the  swollen  conjunctiva 
becomes  covered  with  croupous  membrane  like  that  sometimes 
met  with  in  the  ophthalmia  of  new-born  children,  when  the 
secretion  coagulates  on  contact  with  air. 

(2)  The  employment  of  the  infusion  is  not  painful ;  purulent 
conjunctivitis  is  induced  by  it  as  promptly  as  by  inoculation, 
and  with  the  advuiitage  of  avoiding  the  use  of  matter  borrowed 
from  an  individual  about  whose  constitution  one  can  never  be 
quite  certain. 

(3)  By  moderating  the  use  of  the  jequirity,  the  degree  of 
suppuration  required  may  be  regulated  far  more  accunttely 
than  ia  possible  in  inwulation.  In  the  hitter  proceeding  neither 
the  quantity  nor  the  quality  of  the  matter  ulTords  any  control, 
whereas  with  jo<)mrity,  if  the  action  is  insufficient,  it  nrny 
readily  be  augmented  by  a  fresh  and  more  energetic  applica- 
tion. 

This  method  has  since  been  tried  by  other  ophthabnic 
surgeons,  but  the  hope  that  it  might,  prove  a  real  and  (.-fficient 
remedy  for  tracbonia  and  pannus  has  not  as  yet  been  fiilly 
rea]ise<l. 

M.  Dcneffe,  of  Client,'  hat  tried  it  in  his  pmcHce.  He  states 
that  in  some  cases  Uie  inflammation  was  extremely  violent  by 
'  Boo  OjiklMule  Arrinf,  vol.  H.  p.  171. 
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tfcfe  third  day,  reBembling  a  true  purulent  conjuiicti\i!is;  in 
others  it  waa  much  less  intense,  and  in  some  it  did  not  occur  at 
all.  Therapeutically  considered,  the  iuflaniraation  produced  by 
jequirity  gave  no  results.  The  granulations  were  not  remored 
and  the  pannua  was  not  influenced  in  any  way.  Not  one  of  his 
patientx  found  benefit. 

Dr.  Brailey  records  a  favourable  experience  of  this  method 
in  his  practice  at  Guy's  Hospital.'  Three  cases  of  trachoma, 
which  had  resisted  other  treatment,  were  considerably  improved 
by  the  jequirity  infusion.  He  considers  it  to  be  a  drug  of  con- 
siderable value.  It  does  not  appear  to  affect  the  cornea  in- 
jtiriously,  and  in  this  respect  must  be  admitted  to  have  a  great 
advantage  over  inocuUition  with  pus. 

4.  PhlyotenaUr  keratitia  (pustular  keratitis,  veeicnlar  kera- 
titis, herpes  coniete)  is  characterised  by  the  appearance  of  one 
or  more  small  pustules  on  the  surface  of  the  cornea.  They  are 
similar  to  those  oceuning  in  phlyctenular  conjunctivitis  {p.  61), 
in  bat  both  cornea  and  conjunctiva  are  frequently  attacked 
together.  Each  consists  of  an  aggregation  of  leucocytes  just 
beoeath  the  epithelial  layer.  They  may  occur  simultaneously 
or  in  successive  crops.  They  may  attack  any  part  of  the  cornea, 
but  are  usually  found  near  the  sclero-comeai  junction.  At  the 
eod  of  three  or  four  days  they  usually  rupture,  and  form  a 
superficial  ulcer. 

There  is  always  photophobia,  which  is  sometimes  so  great 
as  to  cause  acute  blex>harot<pasm.  The  ocular  conjuncti\-a  is 
nvnally  injected,  and  often  contains  similar  pustules.  Ah  the 
ulcer  heals,  a  leash  of  vessels  is  often  develojied  belween  it  and 
the  margin  of  the  cornea.  This  disapijeara  when  the  ulcer  has 
quite  healed. 

This  affection  is  common  amongst,  strumous  children,  and 
occun  more  frequently  amongst  the  poor  and  ill-fed  than 
Amongst  the  well-to-do. 

TrailTMiit. — The  local  treatment  consists  in  shading  the 
eyes  from  tight,  and  in  applying  slightly  astringent  and  anti- 
septic remedies  to  the  affected  i»art.  The  drops  of  boracic  acid 
(F.  14)  and  the  oxide  of  mercury  ointment  (F.  24)  are  bene- 
ficialf  and  when  there  is  much  pain  these  can  l>e  combined 
'  Urit  Med.  Jauriial,  Slay  10,  1883.  p.  II5I. 
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with  atropine  drops  or  ointment  of  similar  strength.  The 
general  health  must,  be  improved. 

5.  Suppurative  keratitia  maybe  diffuse  or  circumscribed.  In 
the  diffhse  form  the  cornea  first  loses  its  brilliancy,  then  assumes 
a  greyiah-white  apj>earance,  which  »oon  becomes  of  a  yellowish 
tint,  indicating  the  formation  of  pus  between  the  lamellae. 
This  process  of  infiltnition  and  suppuration  takes  place  very 
rapidly,  a  few  days  sufficing  for  the  whole  of  the  cornea  to 
become  involved.  The  epithelium  disappear?,  the  more  super- 
ficial lametlie  become  separated  from  the  deeper  by  a  layer  of 
pus,  and  are  detached,  causing  so  much  loss  of  substance  that 
the  deeper  parts,  unable  to  resist  the  intraocular  pressure,  are 
pushed  forwards,  and  ruptured,  thus  forming  an  extensive 
perforation.  In  the  more  favourable  cases  of  diffuse  keratitis, 
there  may  be  no  perforation,  but  there  is  always  considerable 
bulging  forwards  (staphyloma)  of  the  anterior  (lart  of  tbe  globe, 
and  so  much  corneal  opacity  that  vision  is  greatly  interfered  with. 

This  affection  may  come  on  as  a  complication,  or  extension, 
of  some  other  local  affection;  thus  it  is  frequently  found  during 
the  course  of  purulent  conjunctivitis ;  it  not  unfrequently 
appears  with  traumatic  iritis  and  irido-cyclitis  after  the  extrac- 
tion of  cataract. 

In  the  oironmsoribed  form  of  keratitis,  some  portion  of  the 
cornea  becomes  dull  in  appearance,  an  opaijue  whitish  patch 
appears,  and  is  (•urroimded  by  a  greyish  halo ;  the  central 
part  of  the  patch  (hfn  asHiinics  a  yellowi-ih  tint,  indicating 
the  existence  of  absoess  of  the  cornea.  When  the  abscess 
is  near  the  surface,  the  siiperficial  layers  of  the  cornea 
break  down  and  form  a  superficial  ulcer.  When  it  is  deeply 
situated  the  pointing  takes  place  inwards,  and  the  pus  passes 
into  the  anterior  chamber.  It  occnsionally  happens  that 
an  abscess  opens  both  outwards  and  inwards,  and  so  form*  a 
fistulous  opening  into  the  anterior  chamber.  The  contentN 
of  the  localised  su]ipurations  are  more  tenacious  in  charjictcr 
than  pus  from  other  tissues;  this  is  particularly  evident  after 
rupture,  or  after  incision  by  the  surgeon,  when  the  contained 
matter  often  comrs  away  en  ma«»e,  rather  than  in  the  liquid 
form.  Microscopically  it  consists  of  pus  cells,  and  broken-down 
Connective  tissae  of  the  cornea. 


srroryoy—oyrx.  si 

The  lamin.'e,  between  which  the  pus  is  situated,  are  some- 
times so  separated  that  the  latter  gravitates  towards  the  inferior 
part,  and  so  presents  a  fancied  resemblance  to  the  hmiile  at  the 
bane  of  the  finger  nail ;  hence  the  condition  has  been  termed 
onyx.  When  puro-lymph  is  present  in  the  anterior  chamber 
it  gravitates  towards  the  lower  part,  and  the  condition  is  then 
termed  hypopyon;  this  is  a  frequent  complication  of  deep 
ulcers  of  the  cornea,  especially  in  old  jieople.  The  quantity 
of  puB  in  the  anterior  chamber  is  very  variable,  sometimes 
ODiy  a  feint  yellow  line  can  be  seen 
at  the  lower  part  of  the  chamber. 
Hypopyon  can  generally  be  distin- 
guished from  onyx  by  the  fact  that 
the  upper  level  of  the  fluid  is  a 
horizontal  line,  while  in  onyx  the 
limit  is  usually  irregular.  If  the 
pus  in  hypopyon  is  sufficiently  fluid 
,  to  shift  its  position  with  movements 
of  the  head,  this  fact  at  once  esta- 
blishes the  diagnosis  (see  fig.  11, 
opposite  p.  74,  also  fig.  25).  In 
onyx  focal  illumination  will  gene- 
rally render  it  evident  that  the  pus 
is  in  the  substance  of  the  cornea. 
The  two  conditions  may,  however, 
coexist. 

Suppurative  keratitis  may  come 
on  spontaneously  in  persons  of 
scrofulous  diathesis.  It  may  occur 
at  any  age,  and  is  common  in  old 
jteople  where  the  cornea  has  re- 
ceived some  injury,  as  from  a  foreign  body  under  the  eyelid, 
or  an  abrasion  near  the  centre. 

TraUiii-ent. — In  the  early  stage  the  eyelids  should  be  well 
fomented  with  warm  water  or  warm  decoction  of  poppy  beadii 
every  few  hours,  and  a  ^  per  cent,  solution  of  atropine  dropped 
into  the  palpebnil  a]>erture  at  frequent  intervals.  The  eyes 
after  each  bathing  iihould  be  covered  by  a  compress  of  lint 
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dipped  iu  hot  water,  jind  covered  over  witli  cotl.on-wool  or  ;i 
light  bandage.  Some  surgeons  prefer  that  the  foraentatiou 
should  be  rendered  antiseptic  by  the  presence  of  i  per  cent,  of 
carbolic  or  salicylic  acid.  \\Tien  the  abscess  is  establinhed,  it 
may  be  treated  either  by  puncture,  or  by  the  method  of  Saemisch 
(see  p.  88).  When  hypoj)yon  exists,  paracentesis  of  the  anterior 
chamber  should  be  perfonned.  Small  collections  of  puro-lymph 
are,  however,  frequently  absorbed  from  the  anterior  chamber. 
The  general  health  of  the  patient  should  be  sustained  by  good 
food,  fresh  air,  ammonia  and  bark,  or  quinine^ 

6.  ITloers  of  tlie  cornea  constitute  an  im])ort«nt  part  of  oph- 
thalmic practice.  They  are  always  preceded  by  more  or  less 
infiltration  and  greyisli  opacity ;  first  the  eu{>erficial  and  then 
the  deeper  lamiuaj  break  down  at  the  centre  of  the  part  thus 
ttflfected,  causing  actual  loss  of  corneal  tissue.  In  all  casea  of 
nicer  there  is  more  or  less  pain,  intolerance  of  hght,  and  in- 
jection of  the  circnmcorneal  zone  of  vessels. 

I'lccrs  may  be  classified  into  three  chief  groups;  a.  Buper- 
ficial.     ''.  Deep.    c.  Serpiginoiu. 

((.  Superficial  nlcers  arc  usually  circumscribed,  and  often 
pi>  traii^iuirent  that  they  may  escape  attention  unless  oblique 
focal  illumination  is  URed;  by  this  method  of  examination, 
however,  they  can  always  be  detected,  and  are  usually  found 
to  have  margins  more  or  less  intiltrated  and  ojialesceut.  They 
are  attended  by  severe  photophobia,  lachrymation,  and  neuralgic 
]i<iiQS  in  and  around  the  i-ye.  When  situated  near  the  centre 
of  the  cornea  vision  is  much  interfered  with,  when  peripheral 
it  is  but  slightly  affected. 

They  are  frequently  of  traumatic  origin,  being  caused  by 
a  slight  B{'iTvtch  or  blow,  or  by  the  presence  of  a  foreign  body. 
They  sometimes  come  on  during  the  course  of  an  nttjtck  of 
conjunctivitis,  more  especially  in  the  phlyctenular  form.  As 
n  rule  early  and  proper  treatment  will  cause  healing  of  the 
ulcer  without  leaving  any  jM-rmanent  ojiacity. 

/'.  Seep  nloeri  arc  frequently  caused  by  injury,  such  as  an 
abr.t^ion,  a  scrnteh,  or  a  coiilused  wound  of  the  cornea;  thry 
occasionally  follow  the  rupture  of  a  pustule,  nn  in  phlyctenular 
kenktitis.  Tliey  are  not  uiifrcqucnt  complications  during  an 
ulltick  of  smallpox,  or  after  measles.     They  constitute,  a»  we 
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have  seen,  a  serious  feature  in  severe  inflammatioD  of  the  con- 
jimctiva,  be  it  granular,  purulent,  or  diplitheritie.  Occasionally 
we  find  ulceration  of  the  cornea  supervening  in  cases  of  paralyiiis 
of  ihe  fifth  nerve,  which  supplies  the  trophic  and  sensory  fibres 
to  the  eyeball ;  in  such  cases  the  infiammatory  symptoms  are 
verv  slight. 

Deep  ulcers  commence  by  first  attacking  the  epithelium 
and  then  qireading  both  in  extent  and  depth  to  the  proper 
tissue  of  the  cornea,  destroying  both  the  corneal  corpuscles  and 
the  intercellular  substance.  Their  edges  are  copiously  infil- 
trated with  leucocytes  and  present  a  greyish  white  colour, 
which  gradually  shades  oft'  into  clear  corneal  substance.  When 
the  process  has  ceased  to  be  progressive,  the  edges  of  the  ulcer 
become  less  abrupt,  and  its  floor  is  gradually  filled  by  regular 
layers  of  cells,  which  become  organised;  the  epithelium  then 
b^ios  to  be  restored,  and  the  surrounding  corneal  tissue  regains 
its  transparency.  Ulcers  vary  much  in  size  and  may  attack 
any  i«irt  of  the  cornea.  They  are  always  attended  by  photo- 
phobia, lachrymation,  and  ^lain  in  and  around  the  eye ;  the 
de^ee  of  severity  of  these  symptoms  is  very  variable.  In  deep 
ulcers  there  is  always  danger  of   jicrforation.     The  posterior 

itic  lamina  may  be  ruptiired  by  intraocular  pressure  ;  or  it 
\j  be  pushed  forwards,  so  as  to  protrude  in  the  form  of  a 

ill  transparent  bladder.  This  [irotrusion  may  contain  more 
nr  less  of  the  pupillary  margin  of  the  iris,  especially  if  rupture 
takes  place ;  the  crystalline  lens  and  its  capsule  may  also  be 
inahed  forwards  against  the  back  of  the  corneal  fistula  thus 

kbli^hed.     Iritis  follows,  and  plustic  exudation  is  thrown  out, 

which  the  iris  becomes  adherent  to  the  cicatrix  in  the  cornea 

Lterior  synechia,  see  fig.  2,  op^xisite  [tage  126),and  theinfiam- 
process  and  exudation  may  extend  to  the  capsule  of  the 
producing  a  permanent  white  opacity  (pyramidal  cataract) 
as  we  so  frequently  see  after  ulceration  in  ophthalmia 
aeonntorum. 

When  the  deep  ulceration  has  been  extensive,  «e  may  find 
forward  bulging  of  part  or  whole  of  the  altered  cornea  to  » 
variable  extent  (anterior  staphyloma)  (see  fig.  26).  When  per- 
foration is  large,  almost  the  whole  of  the  iris  may  be  protruded, 
and  in  some  severe  cases  even  the  crystalline  lens,  and  the 
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vitreous  Iiumour  may  be  pushed  forwards  and  evaiiuated.  In 
a  few  cases  of  deep  ulcer  the  loas  of  substance  of  the  cornea  is 
replaced  by  new  transparent  tiMsue.  In  the  majority,  however, 
the  position  of  the  ulcer  is  marked  by  a  persistent  patch  of 
opacity ;  the  density  of  this  presents  every  shade  of  variety ; 
when  very  slight,  so  as  to  be  perceptible  only  on  close  examina- 
tion, it  is  usually  railed  a  nebula ;  when  distinctly  opalescent, 
a  Ituconia, 

If  tlie    patch    of   opacity 
thus    est-dblished    happens   to 
be   opposite   the    ajiertiue   of 
the  pupil,  there  is  necessarily 
much  interference  with  vision; 
'I  Cur-     if    situated    nearer   the  peri- 
phery, this  is  less  marked,  but 
in  either  case  it  often  happens 
that    after    cicatrisation     the 
■    cornea  is   not  restored  to  its 
normal   thickness,  but   has  a 
facetted  appearance,   or  even 
a  depression  corresjtonding  to 
,„  ^  Lhp     the  position  of  the  ulcer.   This 
./rKiuiio     irregularity   of   surface   is   in 
Itself  sufficient  to  cause  serious 
diuiinution    of    visi(>n.     {See 
Irregular  Astigniatiam.) 

c.  Serpiginoni  ulcer  gene- 
ai{aflcr  rally  occurs  in  elderly  or  pre- 
maturely old  people.  They 
are  most  common  amongst 
those  whose  occupation  expoees  them  to  slight  wounds  of  the 
cornea.  A  strongly  predisposing  and  aggravating  cause  un- 
donbtedly  exists  in  obstruction  of  the  nn^al  duct. 

This  kind  of  ulcer  may  commence  in  any  i>arl  of  the  cornea. 
It  is  usually  cresceutic  in  form,  and  presents  the  appearance  of 
H  deep  groove  having  almost  peqiendicular  walls.  The  edges 
of  the  ulcer  are  swollen  and  inliltratcd,  they  have  a  greyish 
yellow  tint  and  a  punched-uut  apjiearance.  The  surrounding 
coractt  is  frequently  more  or  less  intiltraied.     The  \iail  first 
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attacked  may  become  filled  up  by  new  tissue,  whilst  the 
ulceration  creeps  along  the  cornea. 

A  serpiginous  ulcer  may  be  comparatively  chronic,  but  is 
generally  attended  with  considerable  pain,  photophobia,  and 
lachrymation.  Unless  its  progress  can  be  checked  by  treat- 
ment it  usually  involves  a  large  extent  of  the  cornea,  which, 
by  thus  having  its  nutrition  cut  off,  may  partly  or  entirely 
slough.  Hypopyon,  iritis,  and  even  panophthalmitis  may  also 
be  set  up  by  severe  ulcer  of  this  kind. 

The  treatment  of  ulcei^s  of  the  cornea. — The  chief  objects 
to  be  aimed  at  in  treatment  are : 

1.  To  soothe  local  pain. 

2.  To  protect  the  ulcer  from  friction  against  the  eyelids, 
and  from  exposure  to  light. 

3.  To  diminish  intraocular  tension. 

4.  To  stimulate  the  ulcer. 

5.  To  produce  counter-irritation. 

6.  To  improve  the  general  health. 

1.  Local  pain  can  be  soothed  by  the  use  of  atropine  drops 
every  few  hours  (F.  19  and  20).  The  sedative  action  of 
atropine  will  be  increased  by  hot  fomentations  and  by  a  com- 
press of  lint  dipped  into  hot  water  containing  some  tincture  of 
opium  or  morphia  ;  the  lint  should  be  covered  over  with  a  large 
pad  of  dry  cotton-wool  so  as  to  keep  it  warm. 

Belladonna  fomentations  and  compresses  (F.  23)  are  also 
useful  in  allaying  pain,  but  the  odour  is  very  offensive,  and  the 
skin  of  the  face  is  stained  by  this.  Subcutaneous  injection  of 
nioq>hia  over  the  temjx)ral  region  gives  temporary  relief. 

Where  there  is  acute  and  prolonged  blepharospasm,  as  not 
unfrequently  happens  in  ulcers  of  the  cornea,  great  relief  is 
sometimes  given  by  paracentesis  of  the  anterior  chamber.  It 
is  also  often  relieved  by  treating  the  skin  over  the  eyebrows 
and  lower  frontal  regions  by  the  solid  nitrate  of  silver  stick. 
The  application  should  be  re})eated  every  second  day.  Both 
of  these  remedies  may  be  combined. 

2.  Friction  of  the  lids  against  the  ulcer  by  constant 
winking  and  exposure  to  light  can  be  diminished  by  wearing  a 
large  black  or  green  shade  over  both  eyes.  In  the  majority  of 
ulcers,  however,  especially  when  only  one  eye  is  affected,  it  is 
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better  to  close  the  eyelids  by  means  of  a  light  compress  6t 
No  friction  can  then  take  phiee,  und  the  irritation  from  tlie 
action  of  light  is  more  effectually  prevented. 

3.  Dimimition  of  intraocular  tension  is  often  indicated. 
In  deep  ulcere,  where  there  is  danger  of  ])erforation  or  protrusion 


of  Deseeinet's  membrane,  this  is  very  desirable.     The  iotra- 
ociilnr  tension  may  be  reduced  in  several  way«. 

(i)  The  «*«  of  everint  drops  (F.  31)  every  few  hours  has 
the  combined  effect  of  relieving  the  tension  and  stimulating 
the  ulcerated  snrfnw!.  In  hypopyon  ulcers  occurring  in  old 
people,  whore  there  is  no  iritis,  this  remedy  often  acts  like  n 
charm- 
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(ii)  Paracentesis  of  the  anterior  chamber  is  very  beneficial 
when  deep  or  serpiginous  ulcer  is  accompanied  by  hypopyon. 
It  facilitates  the  escape  of  the  pus,  reduces  the  intraocular 
tension,  and  is  often  followed  by  marked  relief 
frona  the  intense  pain  which  is  frequently  ex- 
perienced. 

The  operation  is  performed  as  follows :  The 
patient  being  anaesthetised  in  the  horizontal 
posture,  and  the  eyelids  separated  by  a  specu- 
lum, the  eye  is  fixed  by  means  of  fixation  forceps 
in  the  manner  shown  in  fig.  27.  A  triangular 
keratome  is  then  introduced  at  the  lower  part 
of  the  sclero-comeal  junction.  Moderately  firm 
l>ressure  is  first  made  in  the  direction  of  the 
centre  of  the  globe,  that  is,  at  right  angles  to  its 
surface.  As  soon  as  the  point  of  the  instrument 
is  seen  just  within  the  periphery  of  the  anterior 
chamber,  its  direction  is  immediately  changed,  so 
that  the  blade  passes  in  a  plane  parallel  to  and 
just  in  front  of  the  iris;  it  is  continued  in  this 
direction  until  the  external  wound  is  about  3  mm. 
or  4  mm.  in  length.  The  keratome  is  then  gradu- 
ally withdrawn,  its  blade  being  kept  nearer  to 
the  back  of  the  cornea  than  before. 

In  performing  this  operation  attention  should 
be  paid  to  the  following  points:  (1)  If  the  in- 
cision is  made  obliquely,  mid  not  at  right  angles  to 
the  surface,  there  is  danger  of  })assing  the  blade 
of  the  instrument  between  the  lamelhe  of  the  cor- 
nea instead  of  directly  into  the  anterior  chamber. 
(2)  The  direction  of  the  instrument  must  be 
changed  as  soon  as  the  point  has  entered  the 
anterior  chamber,  otherwise  there  is  danger  of 
wounding  the  iris  and  the  crystalline  lens.  (3) 
During  the  withdrawal  of  the  keratome,  its  blade* 
hliould  be  still  morje  a])proximated  to  the  cornea, 
as,  with  the  escaj)e  of  the  aqueous,  the  lens  and  iris  frequently 
bulge  forwards.  (4)  Should  the  iris  protrude  through  the 
wound  it  must,  if  possible,  be  returned  by  means  of  a  i)lunt 
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spatula  (fig.  28),  or,  if  this  cannot  be  accomplished,  the  hernia 
must  be  seized  with  the  iris  forceps  »nd  cut  off  as  in  the 
operation  for  iridectomy. 

In  the  serpiginous  forniB  of  ulcer,  which  are  generally  at- 
tended by  more  or  less  purulent  iofiltration,  and  in  looalifed 
abscess  of  the  corpea  the  method  of  Saemisch  is  preferable  to 
the  ordinary  paracentesis.  Saemiicli'i  operation  consists  in  cut- 
ting across  the  whole  width  of  the  ulcer.  The  patient  is  aniet-- 
thetised  in  the  horizontal  |iosture,  the  eyelids  are  separated  by  a 
spring  speculum,  and  the  globe  is  held  steady.  A  Graefe'a  linear 
cataract  knife  is  passed  through  the  non-ulcerated  tissue  of  the 
cornea  about  1  mm.  from  the  ulcer,  it  is  then  passed  across  the 
anterior  chamber  behind  the  ulcer,  and  is  brought  out  by  u 
counter  puncture  in  the  healthy  tissue  about  1  mm.  on  the  op- 
posite aide.  The  blade  is  now  made  to  cut  its  way  out  through 
the  affected  part  so  as  t*  favour  the  escape  of  purulent  matter 
from  between  the  infiltrated  laminie.  After  the  oi>eration  a 
light  compress  ia  applied,  and  the  ports  cleansed  from  time  to 
time  with  warm  water,  or  with  a  \  per  cent,  solution  of  salicylic 
acid.  After  the  lapse  of  twenty-four  hours  the  wound  muet 
be  reopened  by  means  of  a  blunt  probe  (fig.  28),  so  as  to  favour 
the  e3cai>e  of  aqueous  humour  and  the  infiltrating  pus.  The 
wound  should  be  reopened  in  tins  manner  daily  until  sup- 
puratioii  appears  to  be  diminishing,  when  it  may  be  allowed  to 
heal.  Tiiis  operation  is  particularly  beneficial  in  many  chronic 
painful  iiicers.  It  produces  two  imjHtrtnnt  effects,  viz.  the  re- 
duction of  intraocular  tension,  and  tlie  stimulation  of  the  edges 
of  the  nicer. 

Sorapinff  the  eilgee  of  a  chronic:  m/mt,  with  or  without 
paracentesis,  is  now  practised  with  good  results.  It  can  he 
effected  by  means  of  a  very  small  lupus  scoop. 

4.  Slirnulntwn  of  the  itlcer  is  frequently  indicated.  This 
is  particularly  the  case  when  it  has  become  indolent  and 
chronic,  and  when  there  is  but  little  congestion  of  the  eiliary 
region,  although  there  may  lie  some  vascularity  of  the  cornea 
at  the  edge  of  the  nicer.  One  of  the  best  Bliraidant^  and 
ubsorbents  for  this  purjtose  is  the  yellow  oxide  of  mercury;  it 
may  be  applied  in  the  form  of  ointment  (I-'.  24),  a  ft-w  gninit 
bving  placed  inside  the  palpebral  aperturt^^  twice  daily.     This 
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sometimes  causes  eonsidemhle  jiain  and  congestion,  in  which 
case  its  strength  should  be  diminished  by  one-half,  and  it  may 
be  well  to  combine  a  little  atropine  with  this.  If  the  irritation 
should  still  continue,  or  become  increased,  the  ointment  must 
be  left  off. 

Solid  mitigated  nitrate  of  silver  (F.  4)  or  a  2  per  cent,  solu- 
tion of  nitrate  of  silver  is  a  useful  application  in  ulcers  of  long 
Btanding,  especially  if  they  are  accompanied  by  conjunctivitis. 
It  should  be  applied  once  in  twenty-four  to  forty-eight  hours, 
but  its  action  requires  to  be  watched  for  fear  of  aggravating 
the  disease. 

Calomel  dusted  into  the  palpebral  aperture  is  often  bene- 
ficial in  these  chronic  ulcers ;  this  practice,  however,  sometimes 
causes  intense  ]Miin,  and  I  prefer  the  use  of  the  yellow  oxide 
of  mercury  ointment. 

Eserine  in  ^  percent,  solution  applied  several  times  daily 
is  also  an  excellent  stimulant  to  the  ulcerated  corneal  tissue, 
ajtart  from  its  physiological  effect  of  reducing  the  tension  of 
Jthe  globe.  Even  when  there  is  much  congestion  and  severe 
[;PAia  the  use  of  eserine  in  conjunction  with  warm  fomentations 
Juabeen  found  beneficial  in  ulcerative  keratitis.  The  patient 
^i«  directed  to  foment  the  eye  for  fifteen  or  twenty  minutes  three 
fonr  times  a  day.or  oftener.  The  fomentation  should  be  used 
hot  as  can  be  borne,  and  may  consist  of  simple  hot  water, 
decoction  of  jH'ppy  heads,  or  camomiles.  A  solution  of  eserine  J 
to  i  per  cent,  should  be  dropped  into  the  eye  tliree  or  four  times 
a  day  after  the  fomentations  have  been  used.  A  large  j>ad  of 
cotton-woul  thoroughly  warmed  before  a  fire,  or  by  holding  it 
against  a  can  of  hot  water,  should  be  laid  njxtn  the  closed 
eyelids,  and  secured  by  a  bandage.  This  should  he  replaced 
by  a  freshly  warmed  one  as  often  as  may  be  necessary  for  the 
patient's  comfort. 

5.  Ciiunter-irrUalion  ia  an  old  and  well-known  assistant  in 
the  cure  of  clironic  forms  of  ulcer.  If  the  foregoing  remedies 
have  failed  to  jiroduce  the  desired  effect,  they  will  be  more 
likely  to  succeed  in  conjunctioa  with  a  scton.  This  should 
consist  of  a  ligature  of  stout  eilk  pusse<l  beneath  tbi!  skin  for 
a  distance  of  tibout  2  cm.  It  should  be  introduced  just  below 
tiie  hair  at  the  na[>e  of  the  neck,  or  in  the  temporal  region, 
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until  at  least  two  weeks  afttr  the  cure  of  the  ulcer.  A  blister 
to  the  temporal  region  or  behind  tlie  ears,  although  useful,  is 
less  effectual  than  the  seton. 

6.  Improvement  of  the  t/eneraf.  health  is  also  a  cardinal 
point  in  the  treatment  of  all  ulcers  of  the  cornea.  The  patient 
should  be  placed  under  the  best  possible  hygienic  conditions. 
Good  food,  plentiful  exercise  in  the  open  air,  and  the  internal 
use  of  tonic  medicines,  such  as  iron,  quinine,  ammonia  and 
bark,  or  cod  liver  oil,  as  the  nature  of  the  ease  may  indi- 
cate. 

In  the  case  of  ulcer  from  nerve-lesion,  the  eye  should  he 
closed  by  means  of  a  light  compress  and  bandage.  A  little 
atropine  should  be  used  daily  to  prevent  iritic  adhesions,  while 
the  iifFection  of  the  nerve  is  treated  by  the  primary  galvanic 
current,  iodide  of  )x>tassium,  and  other  remedies. 

The  use  of  applications  containing  the  salts  of  lead  is 
particularly  to  be  avoided  in  nil  corneal  ulcerations,  inasmuch 
as  a  permanent  opacity  may  be  fonned  from  the  deposit  of  an 
insoluble  carbonate  of  the  metnl. 

Opacities  of  the  cornea. — These  are  chiefly  due  t«  ulcera- 
tion, but  may  result  from  other  causes,  as  local  or  diSiisc 
keratitis,  metallic  deposits,  bums,  &c.  When  they  are  the 
result  of  ulceration  or  inflammation,  much  improvement  may 
he  hoped  for  by  the  continued  use  of  such  remedies  as  are 
prescribed  under  the  respectivaheadings !  indeed  no  o|K'rative 
interference  is  justifiable  until  the  opacity  shows  no  further 
signs  of  absorption. 

In  cases  where  the  opacity  is  slight,  but  the  vision  much 
impaired,  we  generally  find  thnt  the  regularity  of  the  curva- 
ture of  the  cornea  is  interfered  with,  thus  producing  irregular 
ast  iginatiem. 

When  the  opacity  is  dense,  and  situated  in  front  of  the 
pupilliiry  Bi>erture,  but  not  involving  the  whole  extent  of  the 
cornea,  the  vision  may  be  very  much  improved  by  che  formation 
of  an  artifloiil  pupil.  For  this  purpose  that  part  of  the  cornea 
which  is  clearest  and  moat  regular  in  curvature  should  Ih- 
chosen.  In  onler  to  ascertain  the  position  best  suited  fur 
this  operation,  the  pupil  should  bo  dilated  with  atropine,  and 
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the  eye  examined  by  the  oblique  focal  illumination  (p.  70),  and 
by  the  ophthalmoscope.  With  the  former  any  nebulous  opacities 
will  appear  as  a  greyish  haze,  and  any  facets  or  depressions  will 
be  directly  seen ;  with  the  latter  tilting  the  mirror  in  various 
directions  at  20  to  40  cm.  without  a  lens,  the  red  fundus-reflex 
is  interfered  with  by  the  appearance  of  dark  patches  of  the 
cornea.  The  methods  of  operating  for  artificial  pupil  are 
described  under  the  head  of  iridectomy  (p.  IGO). 

When  the  opacity  of  the  cornea  is  only  slight  (nebula),  it 
can  still  be  penetrated  by  rays  of  light,  but,  as  these  are  dis- 
torted, and  thus  interfere  with  the  images  formed  by  rays 
passing  through  the  clear  portion  of  the  cornea,  the  optical 
effect  of  an  artificial  pupil  is  unsatisfactory.  In  such  cases  to 
make  an  artificial  pupil  alone  is  useless,  but  great  improvement 
is  often  obtained  by  rendering  the  nebula  completely  opaque 
by  tattooing ;  then,  if  the  nebula  is  of  large  size,  an  artificial 
pupil  may  still  further  assist  vision. 

The  probable  effect  of  an  artificial  pupil  may  be  ascertained 
by  dilating  the  pupil  with  atropine  ;  if  the  distant  vision  is 
improved  by  this  an  artificial  pupil  will  be  still  more  bene- 
ficial ;  if,  on  the  contrary,  the  distant  vision  is  confused,  the 
operation  would  probably  cause  confusion  also. 

When  the  opacity  is  not  central,  the  vision  may  not  be 
much  interfered  with,  but  here  the  appearance  of  the  eye 
might  also  be  improved  by  tattooing  the  leucoma. 

The  operation  for  tattooing  the  cornea. — The  patient  must 
be  anaesthetised,  as  the  operation  is  tedious  and  painful.  The 
eyelids  are  separated  by  a  speculum,  and  the  globe  held  in 
j)osition  by  a  fixation  forcei)s.  An  assistant  should  hold  a 
small  sponge  firmly  against  the  upper  and  outer  side  of  the 
globe  to  prevent  any  tears  nmning  over  the  cornea  during  the 
ojK*ration.  The  portion  to  be  tattooed  should  be  well  covered 
with  punctures  or  scratches,  either  by  using  a  single  needle 
or  with  an  instrument  such  as  is  shown  in  fig.  29  ;  then  Indian 
ink  in  very  fine  powder  or  made  into  a  thick  jmste  should  be 
thoroughly  rubbed  in  with  a  blunt  instrument,  such  as  a  spud 
c>r  the  back  of  a  cataract  scoop. 

Except  in  the  case  of  large  leucomata,  a  single  sitting  will 
usually  suffice. 


DISEASES  OF  THE  CORNEA. 

It  is  Boioetimps  advisable  to  tattoo  also  the  periphery  of  the 
cornea  opposite  the  artificial  pupil,  so  as  to  prevent  the  entry 
of  rays  through  the  part,  which  otherwise  cause  some  blurring  of 
the  retinal  image  from  spherical  aberration. 

Owing  to  the  impossibility  of  rendering  an  opaque  ccmea 
clear,  and  the  absolute  destruction  of  useful  vision  which  its 
presence  entails,  the  attention  of  ophthalmic  surgeons  has 
naturally  turned  lu  the  direction  of  inquiring  whether  it  would 
not  be  possible  to  transplant  a  transparent  cornea  in  the  place 
of  the  opaque  one ;  so  far  it  must  be  confessed  that  e!q)erimeat8 
on  transplantation  of  tlia  cornea  have  not  been  followed  by  much 
siicc«ss.  The  cornea  of  one  rabbit  has  been  transplanted  on  to 
the  eye  of  another  both  in  France  and  Germany  by  Miinck, 
Koenigsh offer,  Desmarres,  and  others,  but  always  with  the  re- 
sult that  although  union  might  take  place  between  the  new 
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Fig.  29.— Tattooing  Keedle. 

and  the  old  tissues,  yet  the  new  cornea  became  shrunken  and 
opaque.  The  cornea  of  the  mbbit  and  other  animals  have  also 
been  transjilanted  to  the  human  eye  by  Pluvier,  Power,  and 
others  with  similar  results.  The  partial  successee  thus  obtained 
are,  however,  encouraging ;  and  Professor  Wolfe,  of  Glasgow, 
states '  that  he  successfully  transplanted  the  cornea  from  a 
recently  extirpated  human  eye  into  the  eye  of  a  man  of  forty, 
whose  cornea  had  been  rendered  quite  opaque  and  n^ieless  by 
a  gunpowder  explosion.  Good  union  took  place,  and  on  the 
fourteenth  day  after  the  operation  he  could  see  sufficiently 
well  to  point  out  a  ring  on  the  finger.  Before  dismissal  from 
the  hospital  he  could  'distinguish  between  half  a  sovereign 
and  a  shilling.'  Aft«r  dismissal  he  was  exposed  to  severe  cold 
and  privation,  and  the  new  cornea  became  opaque. 

FrtHn  his  experience  of  this  and  other  transjilanting  opera- 
tions on  the  cornea  and  conjunctiva,  Professor  Wolfe  expresses 

'  Of.  olt.  p.  B7. 
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lus  conviction  that  we  shall  ultimately  succeed  in  replacing  an 
opaque  by  a  transpajrent  cornea.  His  concluBious  with  regard 
to  this  subject  are  as  followa :  1.  That  the  cornea  cau  maintaiu 
tjts  vitality  and  transi»arencj  when  traus- 
^anted  from  one  place  to  another,  but 
Dust  be  taken  from  a  freshly  enucleated 
lltiman  eye. 

2.  All  the  incisions  must  he  clean,  as 
[^Bny  tearing  is  likely  to  lead  to  suppura- 
tion ;  and  the  measurements  of  the  graft 
must  be  exact. 

3.  The  operation  must  be  done  in  such 
mer   as  not  to  injure  the  subjacent 

I'rtructures,     To  facilitate  this  he  does  not 

L'temove  the  entire  cornea,  but  takes  a  hori- 

I  lontal  strip  from  the  middle,  transplanting 

tvith  this  a  strip  of  conjunctiva  from  each 
aide. 

The  operatioa  is  conduct^'d  us  follows : 
The  patient  who  is  to  receive  the  graft 

'  is  auie^^thetitied,  and  the  eyelids  separated 
by  a  s[>ring-stop  speculum.  A  hand  of  con- 
junctiva of  about  5  mm.  width  is  now  dis- 
sected from  the  ocular  conjunctiva  on  each 
side  of  the  cornea.  This  done,  a  shouldered 
keratome  (fig.  30)  is  introduced  into  the 
margin  of  the  cornea  just  below  the  hori- 
Kontal  meridian  and  pushed  across  the 
anterior  chamber  in  a  plane  anterior  and 
parallel  to  the  iris.  A  similar  incision  is 
then  made  on  the  opposite  side  of  the  cornea, 
and  the  width  of  the   flap  to  be  removed  J 

thus  corresponds  to  that  of  the  kemt^tme 
used,  which  should  be  from  4  mm.  to  5  mm. 
at  its  base. 

A  probe-pointed  linear  knife  is  now  passed  in  at  one  wound 
through  the  anterior  chamber  and  out  at  tJie  other,  and  is  then 
made  to  cut  its  way  out,  its  edge  between  turned  forwards. 
Whilst  making  this  section  Professor  Wolfe  supports  the 
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cornea  by  aliglit  [ir*?98ure  with  &  flat  silver  spatula,  so  as  to 
jirevent  teariag  of  the  cornea  or  dis]iIaoGnient  of  the  deeper 
Btructurea.  The  flap  thus  formed  is  now  gently  seized  with 
forceps  and  the  lower  section  made,  either  with  a  cataract  knife 
or  probe-pointed  thin  scisBors.  The  eyelids  are  then  gently 
closed  until  the  graft  ia  ready. 

The  patient  about  to  lose  an  eye  is  at  the  same  time  anies- 
thetised,  and  two  flaps  of  conjunctiva  are  dissected  up  as  before 
and  turned  over  the  cornea.  The  eye  ie  then  enucleated  in 
the  usual  manner,  and  a  strip  of  cornea  of  similar  dimensions 
is  exciited  in  the  same  way  as  the  last.  The  etrip  of  clear 
cornea  with  the  two  conjunctival  flaiis  is  now  placed  in  its 
new  jioSition,  and  is  .secured  hy  means  of  Eutuics  placed  in  the 
corners  of  the  fl;i[w  -if  conjunctiva. 
KetalUc  and  chalky  deposits. 

When  resulting  from  the  use  of  lead  lotion  in  ulcer,  or 
abrasion  of  the  cornea,  the  carbonate  of  lead  is  seen  as  nn 
opaque  milky  white  patch,  situated  just  beneath  the  epithelial 
Uyer.  This  and  other  deposits  can  be  removed  either  hyscraji- 
inc/  or  by  fxciaion  en  masse  of  the  superficial  part  of  the 
cornea  in  which  the  foreign  substance  is  lodged. 

Scraping  is  best  performed  by  means  of  a  small  lupus  stronp. 
The  eyelids  are  8ei>arated  by  a  speculum,  and  the  globe  held  iu 
a  convenient  position  by  fixation  forceps.  By  gentle  scniping. 
first  the  epithelium  and  then  the  deposit  is  gradually  re- 
moved. 

After  the  operation,  a  few  drops  of  olive  oil  and  atropine 
are  apjiUed,  the  lids  closed,  and  a  light  compress  of  wet  lint  in 
put  on. 

Enxision  of  the  deposit  is  performed  with  a  Beer's  catamcr 
knife.  An  incision  is  made  all  round  the  deposit  into  the 
corneal  tissue,  and  t  he  whole  superficial  jiart  of  the  comi-a  thns 
marked  out  is  carefully  dissected  up.  The  after  treatment  is 
the  same  as  for  Bfrajiing. 

Anterior  ayneohia.  or  adhesion  of  the  iris  to  thit  comm,  is 
caused  by  perforation  of  the  latter,  either  from  disease  or  in- 
jury. The  anterior  chamber  being  thus  emptied  of  its  aqueous 
humour,  the  iris  is  pushed  forward  bo  bs  Io  come  into  contact 
with  the  iwrforation,  inflammatory  {-xudation  takes  i>lace,  and 
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the  iris  becomes  adherent,  either  to  the  posterior  surface  or  in 
the  depths  of  the  cicatrix  (see  fig.  2,  opposite  p.  126). 

The  symptoms,  and  the  consequences  of  anterior  synechia, 
vary  in  proportion  to  the  extent  of  the  lesion.  In  slight 
cases,  where  there  is  only  an  adhesion  of  a  portion  of  the 
pupillary  edge  of  the  iris  to  the  posterior  surface  of  the  cornea, 
there  may  be  but  little  inconvenience ;  the  vision,  however,  is 
usually  more  or  less  defective,  and,  the  movements  of  the  iris 
being  limited  by  the  synechia,  the  patient  is  always  liable  to 
attacks  of  iritis,  pain,  &c. 

When  the  iris  is  entangled  in  the  cicatrix  it  shows  itself  as 
a  black  patch  in  the  cornea  ;  the  vision  here  is  always  extremely 
deficient,  and  although  sometimes  there  is  no  great  incon- 
venience, except  that  of  the  loss  of  vision,  yet  these  cases  are 
liable  to  attacks  of  severe  pain  in  and  around  the  eye,  to 
recurrent  iritis,  and  even  to  panophthalmitis. 

When  the  iris  protrudes  through  a  perforation,  and  becomes 
adherent  in  that  position,  there  is  frequently  at  first  a  leakage 
of  the  aqueous  humour  from  tlie  exposed  surface;  as  contraction 
of  the  cicatrix  goes  on,  however,  tliis  leakage  lessens,  and  the 
surface  of  the  iris  becomes  finally  covered  with  a  layer  of  lymph  ; 
the  organisation  of  this  lymph  so  stops  the  filtration  as  to  in- 
crease the  intraocular  tension.     {See  Secondary  Glaucoma.) 

Anterior  staphyloma  signifies  a  bulging  forwards  of  the  whole 
or  part  of  the  cornea  beyond  its  normal  curvature.  Of  this 
there  are  two  distinct  classes,  viz.  the  opaque  and  the  trans- 
parent  or  conical  cornea. 

Opaqne  anterior  staphyloma  is  almost  invariably  the  result 
of  perforation  of  the  cornea,  either  from  ulceration  or  from 
injury.  As  soon  as  perforation  takes  place,  there  is  immediate 
escape  of  the  aqueous  humour,  and,  as  we  have  just  seen,  the 
iris  comes  forwards  in  contact  with  the  opening  and  may  pro- 
trudt*  through  it ;  inflammation  then  takes  place  from  exposure, 
and  tlie  parts  become  matted  together  by  exudation,  so  as  to 
fill  up  the?  orifice.  The  cicatrix,  however,  being  weaker,  is 
unable  to  resist  intraocular  tension,  which  is  now  re-established 
by  the  closure  of  th(»  perforation,  and  bulges  forwards;  the 
extent  of  this  deformity  presents  c^vctv  degree  of  variation, 
from    a    small    bladder-like    protrusion    to  that  of  the  whole 
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corneal  surface ;  the  estcnt  of  tbe  projection  is  sometimes  so 
great  as  to  prevent  complete  closure  of  the  lida.  The  atructiire 
of  the  cornea  becomes  much  altered,  the  cpifhelial  layer  is 
thickened,  the  substantia  ]irnpria  is  thin,  opaque,  and  of  a  grey 
or  yellowish  colour ;  the  iris  also  is  much  altered,  and  often 
becomes  atrophied.  Vision  is  imijaired  in  proportion  to  the 
extent  and  position  of  the  corneal  surface  affected.  This  con- 
dition of  bulging  of  the  cornea  and  consequent  dragging  U]kiQ 
the  adherent  iris  is  liable  to  set  up  serious  trouble,  not  only 
of  these  structures,  but  also  of  the  neighbouring  structures  in 
the  ciliary  region,  which  may  lead  to  complete  diaorganisal ion 
of  the  globe. 

Treatment. — Directions  have  already  been  given  under  the 
head  of '  ulcers  of  the  cornea '  for  the  prevention  of  staphyloma. 
When  once  fully  formed,  it  is  iar  from  amenable  to  treat- 
ment. 

In  small,  partial,  and  recent  cases  the  compress  should  be 
continued,  and  tbe  intraocular  tension  diminished  by  para- 
centaia  of  the  anterior  chamber ;  by  repeating  this  every 
second  or  third  day  for  a  few  times,  the  cicatrix  ofVeu  gains 
strength  and  becomes  stationary.  Should  the  tension  not  be 
suflficiently  diminished  by  this  means,  or  should  it  become 
increased  above  tbe  normal,  more  benefit  woidd  be  derived  by 
excising  a  ijortion  of  the  iris.  (See  Iridectomy.)  A  good  large 
iridectomy  should  be  performed  opposite  the  clearest  portion  of 
the  cornea.  This  would  permanently  relieve  the  tension,  .ind 
an  artificial  pupil  would  be  at  the  same  time  established. 

When  the  staphyloma  is  small  and  circumscribed,  some 
portion  of  the  cornea  remaining  sufficiently  clear  for  useful 
vision,  the  projection  may  with  advantage  be  excised  and  an 
artificial  pupil  at  the  same  time  made  by  a  small  iridectomy 
behind  the  clear  cornea.  The  excision  may  be  i»erformed  either 
by  seizing  the  projection  with  forceps  an^  cutting  it  off  with 
curved  scissors,  or  by  using  the  corneal  trephine  as  for  conical 
cornea.  This  mode  of  procedure  often  results  in  a  Eufficieotly 
iirm  cicatrix. 

When  the  whole  cornea  has  become  involved,  the  eye  often 
becomes  the  seat  of  severe  imin,  and  the  increiisMl  dragging 
of  the  iris  upon  the  ciliary  region  causes  its  disorganiaation, 
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I  tte  lens  becomes  opaque  and  perliaps  dislocated.     TLe  staphy- 
loma may  become  so  large  as  to  be  unsightly,  and  to  prevent 
j  proper  closure  of  the  eyelids.     In  this  case  the  removal  of  the 
I  iflobe  becomes  necessary. 

Bnacleatioa  of  the  eye. — Operation.     The   patient   to  be 
LiiiUy  anaesthetised.     The  operator  to  sUiiid  behind  the  patient's 


I  bead.  The  instrmnents  required  are  speculum,  fixation  forceps, 
curved  sdesors,  and  strabismus  hook,  figs.  31  to  34.  The 
eyelids  to  be  widt-ly  se^ximtcd  by  the  speculum,  and  the  glolw 
held  rteady  by  seizing  the  conjunctiva  with  the  forceps  near 
the  margin  uf  the  cornea. 
L 
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The  ("ODJunetiva  ia  then  divided  all  round,  and  close  to,  the 
cornea,  leaving  only  Bufljcient  for  the  forceps  to  hold  on  by; 
the  capsule  of  Tenon  is  at  the  same  time  opened  by  carrying 
the  (ipejHir  blade  of  the  ttcissors  well  beneath  the  conjunctiva 
tUise  to  the  sclerotic. 

The  strabismuB  hook  is  now  passed  ititt>  Tenon's  capsule  and 
glided  beneath  the  tendon  of  each  muscle,  which  is  divided  with 
the  scissors  between  the  hook  and  the  globe.  The  speculum  is 
now  allowed  to  open  more  widely  hy  loosening  the  acrew,  and  is 
pressed  slightly  backwards ;  the  globe  then  starts  forwards,  and 
protrudes  through  the  palpebral  aperture.  The  scissors  are  now 
introdviced  either  at  the  inner  or  outer  canthun,  having  their 
concavity  towards  the  globe.  As  they  reach  the  back  of  the  eye 
the  blades  are  oi)ene(l,  and  they  are  pushed  in  till  they  are 
felt  to  grip  the  optic  nerve,  which  is  then  divided.  One  or 
two  nioro  snips  are  now  required  to  jiever  the  oblique  muscles 
and  any  remaining  tissues,  and  the  globe  is  removed.  The 
speculum  should  be  taken  out  immediately  after  the  re- 
moval of  the  globe  unless  it  falls  out,  as  it  generally  does. 
Hfemorrhage  is  easily  stopped  by  firm  pressure  with  smnll 
sponges  and  cold  water.  This  done,  a  tight  compress  of  two 
or  three  small  sponges  covered  over  by  cotton  wool  is  applied. 
This  shoidd  be  retained  for  at  least  six  hours.  It  can  then  be 
removed  and  replaced  by  water  dressing  or  dry  lint. 

In  excising  an  eye,  care  must  bo  taken  not  to  puncture  the 
globe,  as  the  fiaccidity  caused  by  the  consequent  escajie  of 
vitreous  renders  the  completion  of  the  operation  more  difficult 
than  when  the  globe  is  intact.  Thu  presence  of  old  or  recent 
inflamnmtory  adhesions  often  renders  excision  difficult.  In  this 
case,  if  it  is  found  that  the  hook  cannot  be  jtasaed  under  the 
tendons,  the  adherent  tissues  must  be  carefully  dissected  away 
&om  tlie  globe  with  the  scisaors  alone.  When  an  eye  ia  exces- 
sively large  and  elongated,  as  happens  in  some  cases  of  buph- 
thalmos  nud  myopia,  it  is  very  difficult  ta  divide  tho  optic 
nerve  without  cutting  the  sclerotic  at  the  posterior  pole  of  Ihe 
eye.  Should  this  accident  occur,  and  the  back  of  the  globe  be 
left  in  the  orbit,  it  can  aftenrarda  be  removed. 

Some  surgeons  prefer  to  "bring  the  edges  of  the  conjunctiva 
together  by  fine  silk  suturcB  after  excision. 
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Another  method  of  excision,  which  is  quicker,  but  does  not 
leave  quite  as  good  a  stump,  is  to  divide  either  the  internal  or 
external  rectus  first,  then  to  pass  the  scissors  to  the  back  of  the 
gidbe  and  sever  the  nerve,  and  finally  to  complete  Ihe  operation 
by  dividing  the  conjunctiva  and  the  remaining  muacles  by 
sweeping  the  scissors  round  with  one  blade  beneath  the  muiiclea 
and  the  other  above  the  conjunctiva. 

Artificial  eyea  are  made  of  glass,  and  are  kepb  in  great 
I  variety  aa  to  size  and  colour  by  the  best  opticianH.     When  the 
,  cicatrix  of  the  conjunctiva  and  other  tissues  of  the  orbit  is  firm, 
quiet,  and  free  fi-om  ulceration  or  discharge,  it  is  ready  to 
receive  the  artificial  eye  ;  this  condition  is  usually  established 
in  from  four  to  eight  weeks.     The  eye  should  not  be  worn  con- 
tinuously.    For  the  first  few  weeks  it  may  be  woni  a  few  hours 
daily;  after  that,  if  no  irritation  is  experienced,  it  can  be  worn 
all  day,  but  never  during  the  night.     The  artificial  eyes  in 
ordinary  use  require  to  be  renewed  about  every  six  months,  as 
I  they  are  apt  to  become  rough,  and  therefore  irritating  to  the 
I  conjunctiva. 

Quite  recently  celluloid  has  been  used  as  a  substitute  for 
1  glass  in  tbe  manufiicture  of  artificial  eyes.'  The  eyes  made  of 
I  this  substance  are  unbreakable,  and  are  lighter  than  the  glass 
I  eyes.  The  edges  can  be  cut  with  an  ordinary  penknife  to 
I  adapt  the  eye  to  any  peculiarity  of  the  stump.  In  appearance 
ithey  exactly  resemble  those  made  of  glass,  and  they  are  said  to 
pbe  more  durable. 

The  inaertioH  of  an  artitutial  eye  is  very  easy,  and  is  soon 
learned  by  the  patient.  It  must  first  be  steadily  pushed  be- 
neath the  upper  lid,  and  held  there  whilst  the  lower  lid  is 
brought  round  its  lower  edge. 

Ita  renuwiil  is  still  more  simple.  The  lower  lid  is  depressed 
so  OS  to  expose  the  lower  edge  of  the  eye,  and  beneath  this  a 
probe  is  pliiced,  by  which  the  eye  is  brought  forward.  It  then 
slips  out  by  its  own  weight,  and  should  be  caught  in  a  hand- 
kerchief hold  for  ita  reception. 

Conieal  cornea,  or  Transparent  anterior  itaphyloma,  consists 
h)  a  bulging  forwards  of  the  central  part  of  tlnr  cornea  beyond 
'  Tbase  vje^  are   maauFnctutcd   l)j   Schat>«   !i   C<>.,  \i   Soutli   Streol, 
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its  normal  curvature,  so  tliat  it  assumes  tho  form  of  an  ob! 
transparent  cone. 

Unless  a  careful  examination  is  made  as  to  the  state  of  re- 
fraction of  the  eye,  the  early  stage  of  this  disease  may  be  mi** 
taken  for  ordinary  myopia  or  regular  myopic  astigmatism.  By 
the  ophthalmometre  of  Javal  and  Schiotz,  the  reflected  images 
are  of  various  sizes  and  cannot  be  brought  into  parallel  lines  ; 
this  shows  an  irregular  astigmatism  of  the  cornea. 

By  retinoecopy  we  find  the  shadow  to  be  quite  different 
in  appearance  an<i  movement  from  those  of  myojiia  and  hyper- 
metropia.  There  is  a  bright  central  reflex  surrounded  hy  a 
crescentic  shadow  which  moves  round  the  centre,  but  never 
crosses  it  as  the  mirror  is  rotated. 

Bi/  the  opktkalnioacope  the  vessels  of  the  optic  disc  and 
the  optic  disc  itself  appear  to  be  distorted,  and  to  alter  in  sha|)e 
and  size  with  each  movement  of  the  observer's  head,  just  as 
occurs  in  looking  at  an  object  through  a  pane  of  bad  glass.  The 
flrst  symptom  of  the  diseai;e  is  that  of  diiiuniiihed  vision,  first 
for  distant  and  then  for  near  and  small  objects.  The  disease 
usually  comes  on  gradually,  and  without  pain  or  inflammation. 
As  it  progresses,  the  cornea  becomes  perceptibly  conical  iu 
appearance  and  the  vision  sometijnea  go  defective  that  the 
patient  can  only  read  large  type  (Snellen,  6,  9,  or  12).  Often, 
however,  with  very  great  conicity  tlie  near  vision  remains 
good,  but  the  object  has  to  be  brought  extremely  close  to  the 
eye.  Such  cases  differ  from  simple  myopia,  however,  in  the 
fact  that  no  lens  improves  the  distant  vision.  In  advanced 
cases,  the  top  of  the  cone  sometimes  becomes  opaque,  but 
tliere  is  seldom  perforation  of  the  cornea,  unless  the  case  is 
comi>licated  by  injury. 

The  disease  generally  comes  on  at  the  age  of  fifteen  to 
twenty  years,  sometimes  later ;  it  usually  undergoes  a  steady 
jtrogress  for  two  or  three  years,  and  then  remains  stationary. 
It  appears  to  be  more  common  in  young  women  than  in  men, 
and  to  occur  more  frequently  in  England  than  in  other  ]>arts  of 
the  world. 

Ths  pathology  of  conical  cornea  is  still  obscure.  The 
cornea,  especially  at  its  central  ]>art,  is  always  tlitnned ;  it  may 
be  that  thiu  thinning  of  the  corneal  tissue  is  the  essential 
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feature  of  tbe  affection,  causing  the  weakened  cornea  to  yield 
to  the  normal  intra-ocular  tension.  On  the  other  hand,  it  is 
jwssibie,  as  was  supposed  by  Von  Graefe,  that  the  affection 
coniraences  with  increased  intra-ocular  tension,  and  that  the 
thinning  and  bulging  of  the  cornea  are  secondary  to  this. 
Against  this  theory,  however,  is  the  fact  that,  no  history  of  the 
symptoms  which  generally  accompany  increased  tension  can 
usually  be  obtained,  and  that  the  raie  cases  of  glaucoma  in 
sahjects  of  this  age  do  not  follow  this  course. 

Tr&itme>it. — The  treatment  of  this  very  serious  affection 
has    received    much   attention    during  the    last    half-century, 

man,  Critchett,  Graefe,  Donders,  Wecker,  and  many  others, 

'e  gpared  no  pains  in  their  endeavours  to  prevent  its  progress 
to  remedy  its  bad  results. 

Donders  found  that  near  vision  could  be  improved  by  placing 
a  etenopaic  disc  in  front  of  the  affected  eye  ;  but  the  smallness 
of  the  circle  which  he  found  it  necessary  to  use  for  this  purpose 
was  too  limited  to  be  useful  for  distant  vision,  the  visual  field 
being  so  contracted  that  the  patient  could  only  see  objects 
which  are  situated  immediately  in  front  of  the  eye.  These 
fatenopaic  spectacles  are  therefore  only  useful  for  near  work, 
such  as  reading,  needlework,  and  the  like.  They  are  of  but 
little  use  during  the  progressive  stage  of  the  disease,  as,  owing 
to  the  increasing  myopia,  they  would  require  to  be  changed 
too  frequently  before  the  eye  had  reached  a  stationary  con- 
dition. In  exceptional  cases,  a  strong  concave  glass  (la  D  to 
20  1))  without  the  stenopaic  circle  or  slit  is  beneficial. 

The  advantage  obtained  by  the  stenopaic  slit  induced 
Mr.  Bowman  to  try  to  diminish  the  aperture  of  the  pupil  by 
la(*'ral  deviation  and  elongation.  This  he  succeeded  in  doing 
by  the  operation  of  iridodesii,  and  the  method  na^  attended 
with  considerable  improvements  as  to  vision,  and  was  at  one 
time  much  practised.  The  delicacy  of  the  operation,  however, 
requires  great  skill  in  its  performance,  and  the  act  of  incar- 
cerating the  iris  in  a  corneal  cicatrii  is  one  which  is  rather  to 
be  avoided,  owing  to  the  troubles  which  may  be  thereby  set  up. 
Dot  only  in  the  wounded  eye,  but  in  that  of  the  opposite  side. 
{Ste  Sympathetic  Ophthalmitis.) 

Graefe  first  suggested  imitating  the  contraction  of  tissue, 
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which  occurs  in  the  healing  of  perforating  ulL-ers,  by  the  pro- 
duction  of  an  ulcer  artificially.  To  effect  this  he  removed  th« 
apex  of  the  cone ;  the  part  escised  was  about  2  mm.  or  3  mm. 
in  diameter,  and  involved  about  two-thirds  of  the  thickness  of 
the  cornea.  For  some  ten  to  fifteen  days  after  this  excision-.he 
applied  the  crayon  of  nitrate  of  silver  to  the  exposed  surface, 
aad  finally  allowed  the  surface  to  heal ;  the  result  was  that  the 
curvature  of  the  cornea  became  reduced  and  the  vision  con-  . 
siderably  irajiroved.  It  must  be  admitted  that  the  operation 
of  removing  so  thin  a  portion  from  the  apex  of  the  cone  is  not 
easy  to  jwrform.  The  cornea  is  very  thin,  and  perforation  is 
most  likely  to  be  the  result  of  such  an  attempt.  I'he  a]ipUca- 
tion  of  nitrate  of  silver  for  so  many  consecutive  days  is  a^n 
very  jwinful.  The  operation  is  also  certain  to  produce  a  dense 
opacity  of  the  central  parts  of  the  cornea,  and  is  pretty  sure  to 
necessitate  the  formation  of  an  artificial  pupil. 

Bowman,  acting  on  the  saoie  principle  as  that  of  Von  Giiiefe, 
determined  to  remove  a  circular  piece  from  the  apex  of  the 
cone,  involving  its  whole  thickness.  He  did  not  apply  caustic 
to  the  wound,  but  allowed  it  to  cicatrise. 

The  opemtion  is  iJ.TfLiiiiiL-.l  with  a  small  trephine  (fig.  35J, 


Ffu,  33,— Comonl  Trcplduc. 

which  consists  of  a  simple  tube  having  one  csttemily  ground 
down  to  a  fine  cutting  edge  at  the  es[>eii£e  of  its  outer  surface, 
so  that  it  tapers  slightly  ;  within  the  tube,  and  fitting  it  a™«- 
rately,  is  a  piston,  by  means  of  which  the  depth  to  which  the 
instrument  in  allowed  to  cut  can  be  regubted.  The  upper  end 
of  the  piston  projects,  and  is  marked  by  a  small  scale  showing 
the  distance  of  the  other  end  of  thn  plstou  intm  the  cutting 
edge.  The  whole  instrument  is  about  5  cm.  long,  and  in  use  is 
rotated  by  the  finger  and  thumb.  It  is  well  to  be  provided 
vritli  three  sizes,  having  a  diameter  of  1  mm.,  If  mm.,  niul 
.1  mm.  respectively. 

B«-fore  using  (he  instrumeat  the  piston  is  set  t«  corroH]»ond 
with  the  supposed  thickness  of  the  cornea ;  it  is  then  phtccd 
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on  (he  apex  of  the  cone  and  rotated  rapidly  backwards  and  for- 
wards Every  few  seconds  it  is  removed  to  see  whether  the  cor- 
nea has  been  penetrated.  When  thie  has  been  done  the  aqueous 
does  not  escape  as  long  as  the  trejihine  is  in  position,  because 
its  cooical  extremity  prevents  leaking  by  the  side  of  the  cutting 
edge,  while  the  calibre  of  the  tube  is  closed  by  Itie  piston. 
\Snien  the  whole  thickness  of  the  cornea  has  been  penetrated, 
the  small  piece  may  come  away  with  the  instrument ;  usually, 
however,  owing  to  the  unequal  thinning  of  the  membrane,  it  Is 
held  in.  ailu  by  a  few  undivided  [wrtiona  and  corneal  tissue ; 
jwrforatioQ  is  then  only  known  to  have  taken  place  by  the  fact 
that  the  aqueous  escaj)e8  when  the  trephine  is  removed.  The 
little  scale  can  now  be  easily  renaoved  with  forceps  and  fine 
scissors.  Tlie  portion  excised  should  correspond  to  the  apex 
of  the  cone. 

Aft«r  the  cicatrix  has  formed,  an  artificial  pupil  is  made 
op])OsiIe  that  part  of  the  cornea  which  is  thought  to  be  moat 
desirable. 

Abadie  states  that  he  has  been  successful  in  combining  the 
operation  of  iridotomy  with  that  of  trephining.  He  first  excises 
tlie  circular  piece  of  cornea  as  recommended  by  Bowman,  and 
theu  introduces  the  blades  of  the  iridotomy  scissors  through 
the  opening  thus  made,  and  divides  the  iris  vertically  down- 
wards.' This  method  of  Howiuan,  with  or  without  modifica- 
tions as  to  the  shape  of  the  trephine,  has  been  extensively 
practised,  and  is  often  attended  with  excellent  results  in  the 
improvement  of  vision. 

During  the  afU-r  treatment  the  eyelids  should  be  kept  con- 
stantly closed  for  a  week  ;  and  as  it  is  desirable  to  obtain 
dilatation  of  the  pupil  as  soon  as  [>os8ible,  atropine  ointment 
(F.  34)  slioulil  b>'  jiii]>lied  to  the  outside  of  the  closed  lids. 

Zzoinon  of  so  OT&I  piece  of  the  oomea  ( Bader)  is  an  oj)era- 
tive  procedure  whi<h  is  now  frequently  adopted.  .Similar  in 
principle  to  the  preceding,  it  is  followed  by  equally  good 
results,  and  takes  less  time  in  healing. 

Operation, — A  Graefe's  linear  knife  is  made  to  transfix  the 
apex  of  the  cone,  so  that  the  point  just  passes  through  the  fore 
jjBTl  of  the  anterior  chamber ;  the  distance  between  the  puuo- 
'  MalaJirt  dci  )V»j-,  |*f  Ch.  Abodic.     I'aris,  1878. 
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ture  and  the  counter- puncture  should  not  exceed  3  mm.  Hav- 
ing transfixed  in  this  wiiy,  the  knife  must  be  made  to  cut  its 
way  out  in  a  direction  upwards  and  forwards,  the  eye  being 
held  steady  with  the  iisatioa  forceps.  The  lower  flap  of  the 
wound  is  now  seized  with  forceps,  and  an  oval  portion  is  cut 
from  it  with  scissors ;  the  widest  part  of  this  portion  should 
not  exceed  1  mm.  The  eyehds  are  then  closed,  and  the  case  is 
afterwards  treated  as  for  trephining.  I  have  seen  very  good 
results  from  this  method  of  operating  both  in  my  own  practice 
and  in  that  of  others. 

In  the  early  stages  of  conical  cornea,  before  operation  has 
been  decided  upon,  or  when  the  patient  will  not  submit  to 
operation,  the  general  health  should  be  supjtorted  by  toniu 
regimen.  The  application  of  a  compress  of  lint  to  the  closed 
eyelids  daily,  taking  each  eye  on  alteniate  days,  has  also  been 
advised.  The  use  of  ^  nr  1  per  cent,  solution  of  eseiine  dropped 
into  the  eyes  three  times  daily,  with  the  hope  of  diminishing 
intraocular  tension,  may  also  be  tned.  Paracentesis  of  the 
anterior  chamber  at  intervals  may  also  be  of  benefit. 

Burns,  wounds,  and  other  injuries  of  the  cornea  are  of 
frequent  occurrence- 
Boms  are  produced  by  quicklime,  mineral  acids,  caustics, 
boiling  water,  strong  ammonia,  fusing  metals,  gunpowder,  and 
the  like.  The  aclion  of  quicklime  upon  the  coruea  is  very 
destructive,  more  so  tiian  the  appearance  of  the  cornea  imme- 
diately after  the  accident  would  lead  us  to  imagine.  \VTieo 
only  the  siiperBciul  portion  of  the  corneal  tissue  is  cloudy,  the 
deeper  parts  remaining  tnuisparent,  we  may  hopo  for  some 
preseniHtion  of  vision,  but  when  there  is  a  diffusi'd  and  deep 
grey  appearance,  the  prognosis  is  very  unfavourable. 

Treatment  must  be  immediate,  iteth  the  eyelids  should  b« 
everted  uud  thoroughly  cleansed  with  te|)id  water  and  cottx>n 
wool,  and  all  particles  of  lime  having  been  removed  from  the  con- 
junctival sac,  a  drop  of  ^  per  cent,  solution  of  atropine  should 
he  placed  in  the  eye,  and  a  slight  compress  applied.  Shuuh) 
the  conjunctiva  and  neighbouring  parts  become  much  inflamed, 
soothing  lotions  and  atropine  drops  must  be  employed.  The 
eyelids  must  be  ojH'ned  daily,  and  precautions  taken  to  prev<^t 
adhesions  between  the  globe  and  the  lids.   (See  Symblepharon.) 
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Woniida  of  the  comea  are  of  frequent  occurrence.  They  may 
I  be  siiperlk'ial  or  ]iciii-lrating. 

Saperfloial  wounds  may  consist  of  a  simple  abrasion,  or  a 
Ltcratch,  with  or  without  contusion.  These  injuries  usually  heal 
Buithout  trouble;  they  simply  require  that  the  eye  should  he 
1  thoroughly  cleansed,  that  a  few  drops  of  J  per  cent,  solution  of 
l^atropiue  and  a  light  compress  should  be  applied.  A  nebula 
mm  leucoma  may  remain  at  the  seat  of  injury,  and  the  patient 
iBhould  be  prepared  for  this  defect,  which  may  interfere  with 
Ktiie  vision  of  that  eye.  When  there  is  any  ppisisting  purulent 
■'Affection  of  the  injured  eye,  such  as  dacryo-cystitis,  or  granuhir 
1-conjunctIvitis,  the  cornea  is  less  able  to  recover  from  the  trau- 
I  natism.  The  wound  may  become  infiamed,  and  suppuration 
Iwitli  hypopyon  supervene. 

Penetratiii(f  wositda  of  the  cornea  are  of  great  imiwrtance, 
I  on  account  of  the  grave  coraplications  which  sometimes  attend 
I  them.  In  all  cases  there  is  immediate  escape  of  the  aqueous 
I  hitmour  through  the  wound,  and,  the  anterior  chamber  being 
I  thus  emptied,  the  iris  is  approximated,  if  not  brought  into 
I  actual  contact  with  the  posterior  surface  of  the  cornea.  Sorae- 
I  times  it  protrudes  through  the  wound. 

Treatment. — If  the  wound  is  near  the  periphery  of  the 
I  cornea,  eserine  f  J  per  cent,  solution)  should  be  dropped  into  the 
I  palpebral  aperture  so  as  to  contract  the  pupil,  and  so  draw  the 
L  iris  from  the  wound.  If  the  wound  is  at  or  near  the  centre,  then 
htoT  similar  reasons  the  use  of  a  solution  of  atropine  (1  percent.) 
I  i*  indicated.  The  eye  should  he  at  once  closed  by  a  light 
F  oompreBs  of  lint,  which  can  be  kept  moist  with  cold  water. 

Whtfii  the  trie  ifl  entangled  or  protruding  from  the  wound, 
'  the  case  is  more  serious.  If  seen  within  a  few  hours  after 
(he  accident  an  attempt  should  be  made  to  return  it.  Bearing 
in  mind  that  the  anterior  chamber  is  now  quite  shallow,  we 
must  be  careful  not  to  wound  the  crystalline  lens,  which  is 
immediately  behind  the  iris.  For  redu(:ing  the  hernia  of  the 
iris  a  blunt-ended  caoutchouc  spattila  (6g.  28)  may  be  ased, 
coKibined  at  the  same  time  with  the  local  u§e  of  atropine  or 
eserine,  according  as  the  wound  is  central  or  peripheral. 

It  is  sometimes  found  impossible  to  effect  a  return  of  the 
[  iriB  in   this   manner;    in  which  case  the   protruding  portion 
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RbouM  be  seized  with  forceps  imd  snipped  off  with  scisBon  o 
II  level  with  the  surface,  and  the  edges  of  the  prolapsed  portion 
reduced  if  possible;  atropine  or  eaerine  should  be  instilled 
and  a  light  compress  applied. 

If  the  case  is  not  seea  till  two  or  three  days  after  the 
accident,  no  attempt  should  be  made  to  return  the  iris,  as  it 
will  by  that  time  have  become  infiamed,  swollen,  and  perhaps 
adherent ;  the  projecting  portion  must  be  excised  with  scissors 
in  the  manner  just  indicated. 

"When  the  crystalline  lens  is  wounded  it  is  liable  to  become 
greatly  swollen, and  to  Bet  up  glaucomatous  tension  and  in6am- 
matory  trouble. 

The  cause  of  injury  should  always  be  carefully  ascertained, 
in  order  to  be  sure  that  no  foreign  body  has  entered  the  eye- 
ball. 

Foreign  bodies  in  the  cornea  are  of  frequent  occurrence,  and 
of  great  variety.  Those  idnst  commonly  met  with  are  small 
bits  of  metal,  coal  dust,  imd  sand. 

The  presence  of  a  foreign  body  in  the  corneal  tissue  is 
marked  by  immediate  pain,  photophobia,  and  lachrymation ; 
the  i^ain  is  most  intense  when  the  substance  is  so  situated  as 
to  be  nibbed  against  and  pressed  ujxin  by  the  eyelid.  If  not 
quickly  removed,  local  keratitis  is  set  up.  The  presence  of  a 
foreign  body  is  sometimes  difficult  to  recognise,  especially  when 
it  is  very  small,  but  by  careful  examination  with  oblique  f<x--al 
illamination  (p.  70)  it  can  always  be  detected. 

Immediate  removal  is  in  all  cases  imperative.  The  difTi- 
cully  of  thiw  will  depend  upon  the  depth  to  which  the  particle 
has  become  embedded  in  the  ti»»ue.  For  ordinary  cases  in 
which  it  is  situated  on  a  level  with  the  surface  the  surgeon 
stuuds  behind  the  patient,  who  is  seated  in  a  good  light, 
with  his  head  thrown  back  aud  protected  by  a  towel,  so  that 
it  can  be  steadied  aguinst  the  surgeon's  chest ;  the  eyelids  are 
now  separated  by  the  fingers  of  the  h-ft  hand  and  (he  globe 
held  in  position  by  firm  pressure  of  the  fume  fiiigerit  against 
the  ocular  conjunctiva.  The  [tuticnt  is  directed  to  look  tn  such 
a  direction  as  may  bring  the  foreign  body  most  clearly  into 
view,  and  to  fix  his  vision  in  that  direction  as  much  as  [mssible. 
A  small  spud,  fig.  36,  is  now  tucd;  tbia  should  be  passed  fairly 
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■ifceneatb  the  embedded  particle,  which  can  then  be  elevated  and 
Ivemov^d. 


no.  36.— Corneal  Spud, 

When  the  foreign  body  is  deeply  embedded  in  the  cornea, 

D  that  it  toucheB  or  even  perforates  Descemet's  membrane,  it 

may  be  impossible  to  remove  it  by  the  above  method  ;  in  this 

ase  the  patient  should  be  aniesLhetised,  and  a  broad  needle 

used  through  the  cornea  into  tbe  anterior  chamber,  in  such  a 

ray  that  the  flat  portion  of  the  needle  can  be  passed  behind 

Ithe  part  where  the  foreign  body  is  embedded.   A  little  pressure 

I  here  made,  and  the   point  of  a  Beer's  cataract  knife  or  a 

'  keratoroe  can  now  be  used  to  cut  down  to  the  particle,  and 

remove  it  without  fear  of  its  falling  into  the  anterior  chamber. 

Tliis  done,  the  broad  needle  is  withdrawn.     A  drop  of  atropine 

.  -flolutJon  IB  used,  ajid  the  eye  closed  by  a  light  compress  for  a 

IT  days. 

\^'hen  ft  foreign  body  is  allowed  to  remain  in  the  cornea 

t  establishes  local  keratitie  which   may  be  very   severe  and 

■  extend  to  the  whole  cornea;  the  surrounding  tissue  becomes 

I  liazy   and   mther   swollen,   and   the   particle   sooner  or    later 

tlKcoines  louse  and  detached.     The  resulting  opacity  in   this 

'i  much  greater  than  it  would  have  been  had  the  particle 

Itlwen  removed  at  once;  and  in  the  case  of  some  metals  there 

I  il  often  a  considerable  stain  left  from  dejwsit  of  the  oxide. 

Tnmoun  of  tbe  ooinea  are  very  rare.   They  occasionally  occur 

I  prinmrily  in  this  tissue,  but  usually  extend  from  similar  growths 

either  of  the  ocular  conjunctiva  or  of  the  interior  of  the  eye. 

The   chief  tumours   are   epithelioma :   sarcoma,  fibroma,  and 

dermoid  cyst. 

Epithelioma  of  the  ooTBea  usually  invades  this  structure  by 
extension  from  the  ocular  conjunctiva;  it  aometimes,  however, 
appears  as  a  smalt  whitish  or  yellowish-white  nodule  at  the 
Bclero-comeal  junction.  At  first  it  causes  but  slight  pain  or 
inconvenience,  and  may  be  mistaken  for  a  phlyctenule ;  sooner 
or  later  it  spreads  and  becomes  painful;  the  surface  may  soften 
and  break  down. 
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Figs.  1  and  2  (opposite  p.  10)  represent  a  section  of  epithe- 
lioma in  this  region.  They  present  the  typical  appearance  of 
epithelioma,  viz.  excessive  ingrowths  of  epithelial  tissue,  in  the 
depths  of  which  the  cells  arrange  themselves  in  concentric 
circles,  thus  assuming  a  *  nest-like '  form. 

Treatment, — Complete  removal  of  the  diseased  tissue  is  the 
only  way  of  preventing  the  spread  of  this  new  growth.  This 
may  be  attempted  by  scraping  with  the  lupus  scoop,  or  by 
excising  with  a  knife.  As  a  rule  the  disease  returns  and 
spreads  to  the  surrounding  tissues.  Under  such  circumstances 
the  eye  had  better  be  enucleated,  and  any  surrounding  tissues 
that  may  be  affected  should  at  the  same  time  be  cut  away. 

Sarcoma  of  the  oomea  more  commonly  occurs  by  extension 
from  neighbouring  tissues.  It  varies  in  its  rate  of  progress, 
but  as  a  rule  is  rapidly  destructive.  Figs.  1  and  2  represent 
sections  of  this  tumour.  In  fig.  1  it  will  be  observed  that  the 
epithelial  cr  conjunctival  layer  is  left  intact,  while  the  new 
growth  has  attacked  only  the  tissue  beneath  this. 

Treatment  consists  in  early  excision  of  the  eye  and  all 
surrounding  tissues  which  may  be  implicated. 


CHAPTEK    V. 
THE  DISEASES   OF  TUE  SCLEROTIC. 
AXAToaV— SCLEBITIS— KPIBCl-EUITia— COSTCSIONS— 


Anatomy  and  Fhy«iolofy.— The  sclerotic  ia  n  strong,  ojMque, 
fibrous  struoturt-  continuous  with  the  cornea,  from  which  it  ex- 
tends backwards  so  as  to  complete  the  external  coat  of  the  eye. 
llH  outer  surface  is  whit«  and  smooth;  its  inner  eiirtace  is  of  a 
light  brown  colour.     It  is  thickest  at  the  back  part  of  the  eye 
and  thinnest  about  6  mm.  from  the  cornea ;  at  the  point  of 
I  union  with  the  latter  it  again  becomes  thicker.     PoFteriorly  it 
I  Is  pierced  by  the  optic  nerve  at  a  point  about  25  mm.  internal 
I  to  the  antero-posterior  axis  of  the  globe. 

At  the  opening  tlirough  which  the  optic  nerve  passes  the 
I  Klerotic  is  not  altogether  absent,  for  it  sends  across  fine 
1  trabecuhe,  which  form  a  sieve-like  membrane  through  which 
I  the  nerve  fibres  pass.  This,  which  is  called  the  lamimi 
I  cribroaa,  is  composed  of  bundles  of  white  fibrous  tissue, 
I  amongst  which  are  found  numerous  fibres  of  elastic  tissue, 
P  abundant  connective-tissue  corpuscles,  and  some  pigment  cells. 
The  texture  of  the  sclerotic  is  permeated  by  a  network  of 
»pillanes  having  very  wide  meshes ;  towards  the  periphery  of 
I  the  cornea  this  network  becomes  much  increased,  forming  a 
t  vascular  ring,  the  ciliary  or  circamairnetd  zone,  from  which 
I  loop!!  ore  su]))>lii<<l  lo  the  cornea. 

The  canal  of  Schlemm  (see  fig.  1,  opposite  p.  68,aIso  fig.  37 ) 

a  small, tlatteiieil,  somf^what  oval  sjiace, situated  in  the  auterinr 

I  part  of  the  pclerutic,  close  to  its  junction  with  the  cornea.     It 

communicates  with  the  anterior  chamber  by  fine  clefts  between 

the  fibres  of  the  ligamentum  pectinatum.    The  precise  manner 

^ia  which  it  communicates  with   the  veins  in  its  immediate 


no 


DISEASES  OF  TOE  SCLEROTIC. 


vicinity  is  sUil  disputed.  In  all  probability  oertuin  vahiilar 
arrangementn  exist  which,  under  ordinary  conditions  of  intra- 
ocular pressure,  allow  the  contents  of  the  canal  to  pass  out- 
wards, either  directly  into  the  veins  or  into  lymphatic  spaces 
aiirroundiiig  ihe  latter. 

Th«  ligamentnm  pectinatom  is  situated  just  inside  the  sclero- 
comeal  junction  (fig,  37).  It  is  intimately  attached  to  this 
part,  and  thence  extends  to  the  iris,  the  ciliary  processes,  and 
the  ciliary  muscle.  Its  tmbeculse  and  lamellie  are  comj)osed 
of  elastic  fibres,  which  are  derived  from  the  splitting  up  of  the 
membrane  of  Descemet.  The  endothelium  from  the  posterior 
siu'face  of  Descemet's  membrane  is  continued  over  these  fibres, 
and  on  to  the  anterior  surface  of  the  iris. 

Between  the  sclerotic  and  the  anterior  part  of  the  ocular 
conjunctiva  is  found  some  loose  connective  tissue;  this,  which 
varies  in  amonnt  in  different  individuals,  is  called  episcleral 
tissue. 

Covering  the  sclerotic  is  the  capaale  of  Tenoa.  This  is 
a  fibrous  capsule,  which  envelops  the  sclerotic  and  sends 
off  processes  in  various  directions.  Anteriorly  it  extends  to 
within  about  3  mm.  of  the  cornea,  and  blends  with  tho 
sclerotic  and  conjunctiva.  Another  portion  passes  in  a  radial 
direction  behind  the  conjunctiva  and  the  palpebral  ligament, 
to  become  united  with  the  periosteum;  other  reflections 
take  place  along  the  ocular  muscles  in  the  form  of  sheaths; 
posteriorly  the  capsule  is  continued  along  the  optic  nerve  as 
far  as  the  optic  fommen.  This  capsule  is  lined  by  flattened 
epithelioid  cells,  similar  to  those  of  serous  membrane.  It  forms 
a  socket  in  which  the  globe  can  rotate  in  any  direction. 
Its  cavity  communicates  with  the  lamina  suprmhoroidea  by 
means  of  the  perivascular  lymph-spacca  surrounding  the  vena) 
vorticosfp. 

Bolerotitia  or  BoleiitU  is  characterised  by  general  injection 
of  the  superficial  vessels  which  protluces  a  faint  pinkish  lint. 
The  ocular  c<mjunctiva  may  be  at  the  same  time  affected,  but 
the  colour  of  this  is  of  a  deeper  red,  and  its  vesiwls  can  be 
made  to  move  with  the  membrnne,  and  can  be  emptied  by 
slight  digital  pressure,  whilst  the  pink  hue  of  tho  scleral 
injection  still  shows  through.     As  ihv  inflammation  increases. 


EFISCLEJilTIS. 


Ill 


me  sclerotic  becomes  of  s  deeper  colour,  and  as^iiimes  a  bluish 
tint.    Scleritia  is  oocasioually  met  with  in  rheumatic  and  gouty 
*  subjects. 

Epinleiitis  is  an  influmed  condition  of  the  episcleral  tissue, 

which  may  exist  with  or  without  sclerotitis.     It  consists  of  a 

I  dusky  red  nodular   swelling  beneath  the  ocular  conjunctiva. 

^t  usually  occurs  in  single  patches,  measuring  from  4  mm.  to 

v6  mm.  in  diameter,  but  two  or  more  lumps  may  form  in  the 

nme  eye.     It  is  slow  in  progiess,  often  lasting  many  months. 

Ut  is  usually  unattended  by  pain  ;  occasionally,  however,  this 

I  considenible,  and  is  then  accompanied  by  photophobia  and 

Ibchryniation.     Vision  ia  not  often  interfered  with,  but  in  some 

ftiftses  the  part  of  the  cornea  which  is  nearest  the  patch  of 

Lepiscleritis  becomes  hazy,  and  in  others  the  sclerotic  and  the 

I  choroid  are  affected  ;  under  these  circumstances  th*^  vision  will 

I  be  defective  in  proix>rtion  to  the  severity  of  the  complication. 

Generally   the    patch   disappears,   leaving  no   perceptible 
I  lesion.      In    prolonged   cases,   however,   it   not   unfrequently 
'  causes  some  thinning  of  the  sclerotic,  which,  in  slight  degrees, 
\  IB  indicated  by  a  dark  bluish  apjiearance,  and  in  more  extreme 
peases  so  weakens  the  tiRsue  of  the  sclerotic  that  it  yields  to  the 
iotraocular  pressure  and  become  staphylomatous.     Episcleritia 
^Ss  somewhat  rare  j  it   appears  to  be  most  common  in  adult 
'  females,  and  to  be  in  some  way  associated  with  uterine  dis- 
orders.    It  also  occurs  by  preference  in  those  who  suffer  from 
rheumatism,  and  in  persons  affected  with  syphilis.     A  slight 
injury  is  not  unfrequently  its  exciting  cause. 

Treaiin.ent. — Tho  eyes  should  be  protected  from  light  by  a 
shade,  or  by  bine  tinted  spectacles.  Atropine  drops  (strength 
i  or  1  per  cent.)  should  be  used  several  tiines  daily.  Caustics 
and  irritating  astringents  should  he  strictly  avoided.  When 
there  is  much  |tain,  a  few  leec^hes  applied  to  the  temporal 
region  may  be  of  ser\'ice. 

In  prescribing  interna!  remedies,  the  probable  cause  of  the 
affection  must  as  far  an  possible  be  treated. 

Contusions  of  the  aolerotia  are  only  of  importance  in  pro- 
j>oitinii  IIS  ttify  afffct  other  alructures. 

Rupture  of  the  scterotie  occasionally  results  from  a  severe 
blow  ui>on  the  eye,  and  the  violence  of  the  injurj-  is  generally 
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eufficient  to  profluce  other  lesions  at  the  same  time.  The  most 
common  eituatioo  of  the  rupture  is  from  2  mm.  to  4  mm.  from 
the  corneal  margin,  and  therefore  in  the  ciliary  region;  the 
rent  is  usually  somewhat  irregular,  hut  its  general  direction  is 
often  that  of  a  curve  concenlric  with  the  margin  of  the  cornea. 
It  frequently  happens  that  the  coutenta  of  the  globe  are  at  the 
same  time  evacuated  or  so  displaced  as  to  cause  inflammatory 
and  other  trouhlea.  Thus  the  lens  may  be  dislocated,  and  may 
make  its  escape  through  the  wound;  the  iris  may  be  partially 
or  entirely  detached  and  protruding,  and  the  vitreous  may  liave 
lovrtly  escaped.  There  is  usually  copious  htemorrhage  into 
the  globe,  and  hh  this,  for  the  most  part,  comes  from  the 
choroid,  it  generally  indicates  that  the  retina  is  extensively 
detached. 

Treatment  must  depend  upon  the  seat  and  extent  of  the 
rupture  and  the  state  of  the  contents  of  the  glohe.  If  the 
rupture  ia  situated  in  the  ciliary  region  the  risks  of  sympa- 
thetic inflammation  attiicking  the  other  eye  have  to  be  con- 
sidered, as  well  as  the  extent  of  the  injury,  and  in  such  a  case 
immediate  enucleation  is  the  safest  course  to  adopt.  If,  how- 
ever, the  ciliary  region  is  only  slightly  encroached  ui>on,  and 
the  conjunctiva  is  entire,  the  choice  between  enucleation  and 
saving  the  eye  will  depend  upon  the  presence  and  extent  of 
other  lesions. 

When  the  eye  w  ao/t  and  evidealli/  dinorifaniaed,  its  re- 
moval should  be  effected  without  loss  of  time. 

When  there  -U  hcevwrrhage  into  the  glohe,  and  the  tei>trivn 
is  not  diminished,  it  is  often  difficult  to  say  to  what  extent 
the  eye  is  damaged  internally.  In  this  case  it  is  beat  to  apply 
an  ice  compress  to  the  closed  eyelids,  and  to  wait  for  some 
days  until  the  blood  may  be  ab8orl>ed  ;  the  vision  can  theu  be 
tested,  a  diagnosis  established  by  the  aid  of  the  ophthalmo- 
scope. 

Slight  ruptures,  which  may  be  unaccompanied  by  total 
loss  of  vision,  should  be  placed  under  the  cxjiectunt  plan  of 
treatment,  including  the  use  of  iced  campn-saeB,  and  re»it  of 
both  eyes. 

Snperfloial  wonnda  are  of  but  slight  importance,  sinil 
UBuallv  heal  without  trouble. 
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Penetrating  wounds  are  always  serious,  but  their  gravity 
varies  with  the  extent  and  the  nature  of  the  wound,  the 
physiological  importance  of  the  parts  wounded,  and  with  the 
presence  or  absence  of  any  foreign  body  within  the  globe. 

Tiiciaed  wounds^  posterior  to  the  ciluiry  re<jlon^  eveq 
though  there  be  some  escape  of  vitreous,  are  not  neces- 
sarily attended  by  bad  results.  Incised  icounds  hi  the 
ciliary  region  are  also  usually  unattended  by  bad  results,  so 
long  as  the  parts  beneath  are  not  wounded  or  involved  in  the 
resulting  cicatrix.  The  cases  which  are  esi)ecially  dangerous 
are  those  in  which  the  ciliary  body,  the  iris,  or  the  lens,  is 
wounded.  When  the  iris  ar  cilicu*y  body  is  injured  and  in- 
carcerated in  the  cicatrix  of  the  wound  there  is  especial 
danger  of  local  inflammation  and  of  sympathetic  ophthalmitis. 
In  such  a  case  if  the  vision  is  lost  or  reduced  to  mere  perception 
of  light,  and  especially  if  the  eye  is  soft,  the  globe  should  be 
immediately  excised ;  but  if  it  is  still  found  to  retain  useful 
vision  it  need  not  be  sacrificed.  An  attempt  should  be  made 
to  return  the  protruding  iris  or  ciliary  body  by  means  of  a 
spatula  (fig.  28).  Tliis  failing,  the  protrusion  should  be 
s(»ized  with  iris  forceps  and  excised  as  in  iridectomy.  Both 
the  eyes  should  then  be  shaded  from  the  light,  and  a  strict 
watch  kei)t  against  sympathetic  trouble  in  the  other  eye. 

Tlie  question  of  saving  or  enucleating  the  eye  will  hinge 
uix)n  the  |)osition  and  nature  of  the  wound  and  the  probability 
of  a  foreign  body  being  present.  The  desirability  of  removing 
the  lens  will  be  more  conveniently  considered  in  the  chapter 
devoted  to  the  subject  of  cataract. 
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CHAPTER   VI. 

THE  DISEASES   OF  THE  IRTS,   THE   CILIARY  BODY, 

ASD   THE   CHOROID. 

ANATOMY  AND  PHYSIOLOGY  — iniTlS  —  IRIDO-CYCLITI8  —  CY0LITIS—IRII>O- 
CHOROIDITIS  —SYMPATHETIC  IRRITATION— SYMPATHETIC  OPHTHALMITIS 
—  INJURIES  — TUMOURS  —  CONGENITAL  DEFORMITIES  — OPERATIONS  - 
IRIDECTOMY — IRID0DE8IS— CORE  LYSIS — IRIDOTOMY. 

The  Tunica  Vasonlosa  or  XTveal  Tract. 

Anatomy  aiid  Physiology. — This,  the  second  tunic  of  the 
eye,  is  found  immediately  beneath  the  sclerotic.  It  consists 
of  three  parts  which  from  before  backwards  are  respectively 
called  the  iris,  the  ciliary  body,  and  the  choroid. 

The  Iris  is  the  anterior  part  of  the  tunica  vasculosa,  whi£?h 
is  suspended  in  front  of  the  crystalline  lens.  It  is  the  beauti- 
fully coloured  and  contractile  membrane  which  is  seen  through 
the  transparent  cornea.  By  its  circumference  it  is  attached  to 
the  ligament um  pectinatum  and  to  the  ciliary  body.  At  its 
centre  is  the  aperture  of  the  pupil.  Its  anterior  surface  is 
free,  whilst  the  posterior  surface  rests  by  its  pupillary  edge 
against  the  capsule  of  the  crystalline  lens. 

On  section  of  the  iris  we  find  from  before  backwards  the 
following  structures : 

1.  The  epithelioid  membrane^  which  is  continuous  with, 
and  similar  to,  that  on  the  back  of  Descemet's  membrane. 

2.  The  substantia  propria  which  consists  of  a  stroma  (»f 
connective  tissue  fibre,  and  of  flattened  branching  connective 
tissue  cells,  many  of  which,  in  dark  eyes,  contain  pigment 
granules.  Within  this  stroma  are  found  muscular  fibres,  blood- 
vessels, lymphatic  tissue,  and  nerves.  The  muscular  Jib  res  an- 
of  the  unstriped  variety,  and  consist  of  a  flattened  ring  around 
the  edge  of  the  pupil  nearer  to  the  posterior  than   to   the 
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^Dterior  surface  {the  uphinder  puj/illai),  and  of  some  deeper 
ftfihres  wliit'h  extend  in  n  radial  direction  from  the  centre  to  the 
mcircnmfeTence  (the  dilntator  pupiUof).     The   arteries  are  de- 
I  lived  from  the  circulua  iridis  major  and  from  the  ciliary  pro- 
I  «e!iaes.    They  proceed  in  the  middle  of  the  stroma  towards  the 
I  pupillary  edge,  and  there  form  a  free  anastomosis,  tlie  circulua 
I  iridis  minor  j  they  give  otF  capillary  networks   in  front  and 
I  behind.     The  middle  and  outer  coats  of  the  arteries  are  thick. 
I  The  veins  a'-company  the  arteries.     There  are  no  distinct  lyin- 
Iphatic  vessels  in  the  iris,  but  the  sheaths  of  the  blood-vessels 
Peontain  lymphatic  sinuses,  as  also   do   the  trabeculEe  of  the 
■  Btroma,  which  open  into  the  spaces  between  the  fibres  of  the 
lli^mentnm  pectinatum.     The   nerves   of  the  iris  follow  the 
I  Mme  course  as  the  vessels ;  they  are  very  numerous,  and  art; 
nderived  from  the  short  ciliary  nerves  coming  from  the  ophthal- 
I  mic  ganglion  which  is  connected  by  its  roots  with  the  third 
I  nerve,  the  cervical  sympathetic,  and  with  the  nasal  branch  of 
I  the  ophthalmic  division  of  the  fifth  nerve.     The  short  ciliary 
I  nerves  are,  moreover,  accompanied  by  the  long  ciliary  nerves 
I  coming  from  the  same  nasal  branch  of  the  fifth  nerve.     Enter- 
ling  the  peripheral  portion  of  the  iris,  they  form  a  plexus  from 
which  branches  are  given  off  as  follows;  (a)  non-me<lulIated 
ifibres  terminating  as  a  delicate  network  on  the  dihitator;  [h) 
tneduUated  nerves  passing  eventually  into  fine  non-uieduUated 
fibrils  arranged  as  a  network  close  to  the  anterior  surface ;  and 
(c)  a  network  of  non-meduUated  fibres  belonging  to  the  sphinc- 
ter pupillie.     According  to  A.  Meyer,  there  are  in  addition  fine 
non-medullat«d  nerve  fibrils,  which  accompany  the  capillaries  ; 
and  Faber  considers  that  there  are  ganglion  cells  contained  iu 
I  the  nerve  networks  of  the  iris.     (Klein  and  Noble  Smith.) 

3,  A  hyaline  thin  mevtbrane  (inembrana  pigmenti)  which 
■  continuous  with  the  lamina  vitrea  of  the  ciliary  body. 

4.  The  uvea,  consisting  of  one  or  two  layers  of  polyhedral 
wlls.  each  containing  an  oval  nucleus,  and  a  number  of  dark 

rown  pigment  granules.  In  blue  eyes  this  is  the  only  jiart  of 
■tbe  iris  containing  pigment,  in  the  eyes  of  albinos  the  pig- 
BlOent  is  absent  even  here.  This  layer  is  continuous  with  that 
f  the  ciliary  body. 

;   iris   in    health   presents   a   brilliant   appearance ;  its 
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colour  in  dark  eyes  is  due  to  the  presence  of  pigment  granules 
in  the  cells  of  the  sub^tAnlia  propria;  in  blue  eyes,  the  colour 
is  not  due  to  the  pigment  of  the  uvea,  but  to  '  interference ' 
phenomena.  The  eyes  of  newly-born  children,  even  among 
tbe  dark  races,  are  always  blue,  the  pigmentation  taking  plsice 
after  birth. 

The  iris  with  its  central  ajierture,  the  pupil,  serves  as  a 
diaphragm  to  shut  off  marginal  rays,  it  also  regulates  the 
imouut  of  light  entering  the  eye,  and  it  acts  as  an  auxiliary  to 
accommodation.  The  size  of  the  pupil  depends  upon  the  state 
of  contraction  of  the  two  antagonistic  sets  of  muscular  fibres, 
the  sphincter  and  dilatator  pupills. 

In  testing  the  mobility  of  the  pupil  the  patient  should  be 
placed  in  front  of  a  bright  light,  the  other  eye  being  first 
closed  and  shielded;  the  hand  is  then  placed  in  front  of  the 
eye  under  examination,  and  after  being  held  there  for  a  few 
seconds,  is  suddenly  withdrawn.  In  the  normal  eye  the  pupil 
elowly  dilates  while  the  eye  is  shaded,  and  when  the  hand  i» 
withdrawn  there  is  a  quick  contraction  followed  by  a  very 
slight  ditatatioD. 

The  nervous  meclianism  of  the  pupil  is  of  a  peculiar  and 
complex  nature.  Contraction  of  the  pupil  occurs  (1)  when 
the  retina  is  stimulated,  as  when  light  falls  upon  the  retina, 
the  brighter  the  light  the  greater  the  contraction.  (2)  When 
the  optic  nerve  is  stimulat«d  by  other  agents,  as  electricity. 
{3)  When  the  eyes  are  accommodated  for  near  vision.  (4)  In 
the  early  stages  of  poisoning  by  ehloroform,  alcohol,  &c. ;  and  ' 
in  nearly  all  stages  of  poisoning  by  morphia,  eserine,  and  some 
other  drugs.  (5)  In  deep  sleep.  (6)  Aft«r  the  local  appH- 
cation  of  eserine  and  other  myotics.  DiUitatUm  of  the  pupil 
octrurA  (1 )  when  the  stimulus  of  light  is  withdrawn  from  the 
retina,  as  by  pAssiiig  from  a  bright  into  a  dim  light.  (2)  ^lieu 
the  eye  is  adjusted  for  distant  rision.  (3)  During  dyspno-a, 
during  powerful  initation  of  the  sensory  nerves,  during  violent 
muscular  efforts,  in  the  later  irtageti  of  [miraning  by  chloroform, 

l  and  in  all  stages  of  poisoning  by  atropine  and  other  drugs. 

I  (4)  After  tho  local  action  of  atropine  and  other  mydriatics. 

L  *The  pupil  may  be  considered  to  be  under  tho  dominion  of 

^■^Mfo  antaguniHtic  mechanisms:  om^  a  coninuting  mechanism. 
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reflex  in  nature,  the  third  nen-e  serving  as  the  efferent,  and  • 
the  optic  a8  the  afferent  tract ;  the  other  a  dilating  mechanism, 
apparently  tonic  in  nature,  but  subject  to  augmentation  from 
various  causes,  and  of  this  the  cervical  sympathetic  is  the 
efferent  channel.  Hence,  wten  the  optic  or  third  nerve  is 
divided,  not  only  does  contraction  of  the  pu[)il  cease  to  be 
manifest,  but  active  dilatation  occm-s,  on  account  of  the  tonic 
dilating  influence  of  the  sympathetic  being  left  free  to  work. 
When,  on  the  other  hand,  the  sympathetic  is  divided,  this 
tonic  influence  fails  away,  and  contmction  results.  When  the 
optic  or  third  nerve  is  stimulated,  the  dilating  effect  of  the 
sympathelic  is  overcome,  and  contraction  results;  and  when 
the  sympathetic  is  stimulated,  any  conti-acting  influence  of  the 
third  nerve  which  may  be  present  is  overcome,  and  dilatation 
ensues '  (M.  Foster). 

Further  considerations,  however,  show  that  the  matter  is 
still  more  complex  than  this.  When  eserine  is  applied  to  the 
eye  contraction  of  the  pupil  is  caused  whether  the  third  nerve 
lias  been  divided  or  not,  and  with  a  strong  dose  the  contraction 
is  80  great,  that  it  cannot  be  overcoino  by  stimulation  of  the 
syropalhetic.  From  these  and  other  faets  it  is  evident  that 
this  myotic  acts  either  directly  upon  the  plain  mascular  fibres 
of  the  iris,  or  upon  some  local  mechanism  vrhiirh  is  supposed  !» 
exist  either  in  the  iris  itself  or  in  the  choroid,  where,  indeed, 
gnngliooic  cells  ure  abundant. 

With  regard  to  the  contraction  of  the  pupils,  which  takes 
place  when  the  eyes  are  accoinniodnti^  for  near  vision,  and 
turned  inwards  (the  two  actions  being  closely  nlUed,  since 
the  eyes  converge  to  see  near  objects),  and  the  return  to  the 
more  dilated  condition  when  the  eyes  return  t^  rest  nnd  re- 
gain the  accommodation  for  distant  objects;  these  actions  are 
explained  by  what  are  callMl  'associated  movements.'  Two 
movements  are  said  to  be  'associated '  when  the  special  central 
nervous  mechanism  employed  in  carrying  out  the  one  net  is  so 
connected  with  that  empluytsd  in  carrying  out  the  other,  that 
when  we  set  the  one  mechanism  in  iictiou  we  uniuteiitionally 
set  the  other  in  action  also. 

The  Ciliary  Body  is  Ihnt  part  of  the  tunica  \'aticHlosa  which 
extends  backwards  from  the  Ijase  of  the  iris  lo  (lie  anterior  jiort 
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of  the  choroid  (see  fig.  37).  It-  consists  of  the  ciliary  processes 
and  the  ciliary  muscle.  The  ciliary  processes  are  composed  of 
a  connective  tissue  stroma,  similar  to  that  of  the  iris,  and  con- 
tinuous with  it ;  the  stroma  is  also  continuous  with  the  liga- 
mentum  pectinatum ;  the  part  nearest  the  sclerotic  is  of  loose 
texture  and  contains  the  larger  vessels,  the  internal  portion 
contains  the  dense  network  of  capillaries. 

Internal  to  the  stroma  is  the  laTtiina  vitreay  a  hyaline  layer 
continuous  with  that  of  the  iris,  but  rather  thicker.  Internal 
to  this  is  the  uvea ;  and  on  the  inner  surface  of  the  uvea  is 
the  pars  ciliaris  retince ;  this  consists  of  a  layer  of  rod- like 
cells  of  two  kinds,  one  being  stout,  coarse,  and  nucleated,  and 
the  other  extremely  fine  and  elongated,  so  as  to  form  fine 
fibrils,  which  unite  together  and  go  to  the  suspensory  ligament. 
The  ciliary  processes  are  thus  brought  into  i)roximity  with  the 
edge  of  the  capsule  of  the  lens. 

The  ciliary  muscle  (Bowman)  arises  from  the  fibres  of  the 
ligamentum  pectinatum  opposite  to  the  sclero-comeal  junction  ; 
from  this  origin  the  great (*r  pai*t  of  its  fibres  (meridianal)  pass 
directly  backwards  to  be  inserted  into  the  choroid.  Other 
fasciculi  (oblique)  pass  inwards  to  the  ciliary  processes ;  these 
run  divergingly,  and  frequently  anastomose  with  one  another ; 
having  readied  the  inner  side  they  become  circular.  Others 
ai)pear  to  pass  in  a  direction  almost  circular  (Miiller's  annular 
muscle). 

In  hypermetropes  this  annular  muscle  is  more  developed 
tlian  in  the  emmetropic  eye.  In  myopes,  on  the  contrary,  the 
circular  fasciculi  are  f(*ebly  developed,  the  meridianal  fibres 
constituting  nearly  all  the  muscle  (A.  Iwanoft"). 

'J1ie  fibres  are  of  the  unstri])ed  variety ;  the  muscle  jwssesses 
a  network  of  capillaries  and  a  plexus  of  non-medullated  nerve- 
fibres,  with  numerous  ganglion  cells. 

For  the  action  of  the  muscle,  see  Refraction. 

The  choroid  is  the  posterior  part  of  the  tunica  vasculosa^ 
which  extends  from  the  ciliary  lx)dy  to  the  optic  disc,  and  lies 
Ixtween  the  sclerotic  and  the  retina.  On  microscopic  section 
it  jnesents  from  without  inwards  the  following  jxirts  (see  fig.  4, 
op2)osite  p.  108): 

1.  The  larniaa  ficsca. — This  consists  of  lamellaj  of  loose 
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t'lO.  38.— Dia^mmalic  IteprefmitBtioD  of  t)i<>  courie  o[  llie  Vt-s;4(r1:<  in  X\v 
V.ye.  Horiioutsl  Seciiou  (after  LuIkt).  Tlieveina  »rorL-))rt.'!.ut]tc>l  bl:ick, 
the  arteries  clear. 


nplllurl' ;  II,  rplKWiml  .    . 

IrldM  nnUT ;  t.  ti->vl>  at  Irk :  p.  nf  Ihr  rllinr.c  )Tnn»M :  i 

Irain  llii'  vitiirr  niaa-la:  a.  rlnului  irrtuHIUi  !•  DU|luiil  kuii  plciiuul 

(twtU  i-t  Trnit  DoiiJiuullTiabi  ant -rluT. 
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wnnective  tissue  coDtainiDg  pigment  cells ;  it  adheres  to  the 
lerotic  when  this  is  Bei>arated  from  the  choroid. 

2.  The  lamina  auprackoroidea,  which  is  similar  in  structure 
I  to  the  lamina  fusca,  being  composed  of  lamellBc  of  connective 

tissue  and  network  of  elastic  tissue ;  when  the  choroid  is  seiia- 
rated  from  the  sclerotic  this  part  adheres  to  the  former.  The 
space  between  the  lamina  fusca  and  the  lamina  suprachoroidea 
is  lined  by  two  layers  of  eDdotlielium  and  ia  considered  to  be  a 
I  tyinpk  8pace  ;  in  the  deeper  part  of  this  lamina  numerous  vessels 
e  seen  in  section,  and  each  is  surrounded  by  a  lymph  sheath. 
This  is  therefore  called  the  lamina  vasculosa  by  some  observers. 

3.  The  elastic  layer  of  SiUlle};  consisting  of  two  endothelial 
yets. 

4.  The   chotHo-capUlaria,  a  dense  network   of  capillariea 
rotaining  numerous  spindle-shaped  and  Sattened  cellu,  many 

(  of  which  are  pigmented. 

5.  The  lamina  vitrea^  continuous  with  that  of  ciliary  body. 

6.  The  uvea  is  continuous  with  that  of  ciliary  body,  and 
similar  to  it.  It  is  considered  to  belong  to  the  retina.  It  is 
this  pigment  layer  which  prevents  the  details  of  the  choroid 

■  from  being  seen  with  the  oplitlialmoecope ;  when  it  contains 
tie  or  no  pigment,  as  in  fair  persons  and  albinos,  the  choroidal 
[vesaels  can  be  distinctly  seen. 

The  blood  supply  of  the  tunica  vasculona  is  very  free  (see 

;.  38),  and  is  divided  into  two  distinct  regions,  the  ]x>sterior 

t  or  choroid  being  supplied  by  the  short  posterior  ciliary 

,  whilst  the  ciliary  body  and  the  iris  are  supplied  by 

branches  from   the  U>nff  posterior  eilmrj/  and  the  anterior 

ciliary  arteries.     The  short  posterior  ciliary  arterifs,  ten  or 

elve  in  number,  pierce  the  sclerotic  close  to  the  optic  nerve, 

Bsing  through  the  lamina  fusca  into  the  deeper  [lart  of  the 

nina   suprachoroideii,  they  divide  dichotomously,  and  ulti- 

y  pass  into  the  capillaries  of  the  chorio- capillaries.     Ex- 

Ceept  in  the  region  of  the  oi>tic  nerve  the  branches  do  not 

I  knostoraose  much  with  one  another.     Anteriorly  they  receive 

I  A  few  anastomolic  communications  from  the  ciliary  region. 

The  lonrf  posterior  ciliary  arteries,  two  in  number,  pierce 
I  the  sclerotic  pi>steriorly,  and  pass  forwards  between  this  and 
I  Uie  choroid  as  far  as  the  ciliary  body.    They  give  otT  no  branches 
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until  they  arrive  at  the  ciliary  region.  Having  reached  this, 
they  give  branches  to  the  ciliary  muscle,  and  then,  uniting 
with  branches  from  the  anterior  ciliaries,  which  have  pierced 
the  sclerotic  from  the  front,  they  take  a  circular  direction  and 
form  the  circulus  iridis  major. 

The  anterior  ciliary  arteries^  about  five  in  number,  are 
supplied  from  the  muscular  and  lachrymal  branches  of  the 
ophthalmic  artery ;  they  pierce  the  sclerotic  near  the  margin 
of  the  cornea,  and  then  divide  into  branches  to  the  ciliary 
muscle  and  to  the  circulus  iridis  major  above  mentioned. 

The  circulus  iridis  major  gives  oflf  branches  to  the  ciliary 
processes,  which  divide  up  into  numberless  fine  branches.  It 
also  gives  branches  to  the  iris,  which  pass  radially  towards  the 
pupillary  margin,  where  they  form  an  anastomotic  ring,  the 
circulus  iridis  minor. 

The  veins  of  the  tunica  vasculosa  are  somewhat  different  in 
their  mode  of  termination  to  that  of  the  arteries.  Thus  the 
anterior  ciliary  veins  are  quite  rudimentary,  and  the  blood 
from  the  veins  of  the  iris  and  ciliary  region  is  all  returned  to 
the  choroidal  veins.  In  the  region  of  the  canal  of  Sclilemm 
there  is  a  venous  plexus,  which  also  sends  its  blood  to  the 
choroidal  veins. 

The  veins  of  the  choroid  anastomose  very  freely  with  one 
another;  they  do  not  accompany  the  posterior  short  ciliary 
arteries,  but  are  arranged  in  curves  (venae  vorticosa*)  as  they 
converge  to  about  four  principal  trunks ;  these  jiierce  the 
sclerotic  very  obliquely  about  half-way  between  the  optic  nerve 
and  the  cornea  to  join  the  ophthalmic  vein  (/i,  fig.  38). 

The  fanction  of  the  tunica  vasculosa  is  of  great  imi)ortance. 
In  the  first  place  there  is  a  slight  anastomosis  between  the 
vessels  of  the  choroid  at  the  edge  of  the  optic  disc  and  those  of 
the  optic  nerve  at  the  same  place,  so  that  these  may  have  some 
influence  in  the  nutrition  of  the  optic  nerve  and  retina.  Se- 
condly, the  capillary  layers  of  the  choroid,  the  chorio-capillaris, 
and  its  corresponding  parts  in  the  ciliary  processes  and  in  the 
iris,  are  of  great  importance  in  the  general  nutrition  of  tlu^ 
eye,  and  in  the  regulation  of  intraocular  tension.  Then  the 
chorio-capillaris  imdoubtedly  supplies  nutrition  and  warmth  to 
the  outei*  layers  of  the  retina;  in  conjunction  with  the  ciliary  i»ro- 
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cesaes  it  also  supplies  nourishment  to  the  vitreous.  The  ciliary 
processes,  by  their  proximity  to  the  edge  of  the  lens,  are  con- 
sidered to  be  the  chief  agents  of  nutrition  to  that  body(Bntiley). 

Tlif.  aqu^eons  humour  is  secreted  by  the  ciliary  processes 
and  the  posterior  surface  of  the  iris.  The  course  of  the  circula- 
t  ion  of  the  aqueous  humour  will  be  presently  considered  under 
the  lymphatic  system  of  the  eye. 

The  cU'tary  nerves,  about  fifteen  in  number,  are  derived 
from  the  ophthalmic  ganglion  and  from  the  nasal  branch  of  the 
fifth  nerve.  They  pierce  the  sclerotic  near  the  optic  nerve  en- 
trance ;  pai<sing  forwards  bet  ween  this  tunic  and  choroid  they  send 
branches  to  the  latter,  and  to  the  ciliary  body,  iris,  and  cornea. 

The  lympliatiu  of  the  eye. — Schwalhe '  has  shown  that 
there  exist  in  the  eye  several  spaces  in  which  lymph  is  formed, 
and  from  which  it  is  discharged  in  three  directions.  These  he 
classifies  int^)  an  anterior  and  two  ]>osteriur  systems. 

The  anterior  lifmphatic  system  comprises  the  canal  of 
Petit,  the  iiqutjoos  chamber,  the  sjwices  of  Fontana,  the  canal 
of  K>chlemm,  and  the  venous  or  lymphatic  pk-siis  in  connection 
with  this  canal.  The  lymph  secreted  by  the  ciliary  processes 
travels  to  the  aqueous  chamber  by  three  channels;  a  large  pro- 
jiortiou  {uisses  to  the  vitreous  humour  and  the  canal  of  Petit,  and 
thence  tlu-ough  the  suapenaory  ligament  to  the  aqueous  chamber, 
tien  forwards  ihrough  the  pupil ;  another  jwrtion  passes  directly 
into  the  aqueous  chamber,  and  then  forwards  through  the  ])UpiI ; 
a  third  current  takes  place  from  the  ciliary  processes  through 
(he  basi^  of  thu  iris  into  the  periphery  of  the  aqueous  chamber. 
The  posterior  surface  of  the  iris  probably  secretes  a  very  small 
qunnlity  of  lymph,  which  passes  through  the  pupil.  The 
aqueaug  humour  thus  formtid  leaves  the  aqueous  chamber 
at  tlie  angle  between  the  iris  and  the  cornea  by  passing  through 
the  meahwork  of  the  ligamcntum  pectinalum  (sjtaces  Af  Fon- 
tana); it  thun  n-iichrs  the  ciiual  of  Schh^mm,  where  there 
exists  a  system  nf  valves  through  which  the  aqueous  {lasses 
directly'into  the  plexus  of  veins  in  itH_  immediate  vicinity. 
Having  thus  reached  the  blood-current,  it  is  conveyed  tti  tli« 
choroidal  veins. 

The  posterior  lymphntic  spaces  are  two  in  number,  viz. 
I  Strieker'*  UuHdbuoh ../  lliiial^g. 
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those  of  the  choroid  and  the  sclerotic,  and  those  of  the  retina 
and  optic  nerve.  The  first  of  these  has  aireadj  been  mentioned 
aa  existing  between  the  lamina  fnsea  and  lamina  suprachoroidea ; 
Ihifi  space  communicates,  by  means  of  perivascular  sheaths  sur- 
rounding the  vente  vorticosie,  with  the  lymph  space  within  the 
capsule  of  Tenon,  which,  as  we  have  seen,  extends  along  ihe 
outaide  of  the  optic  nerve,  through  the  cranium,  and  into  the 
lymphatics  of  the  neck. 

The  lymphatics  of  the  retina  form  sheaths  to  the  blood- 
vesaels,  and  ao  pass  to  the  optic  nerve.  The  optic  nerve  algo 
jtossesst^B  another  lymph  space  between  its  piat  &nd  dunti 
sheaths,  the  intarskeath  apace,  which  communicates  posteriorly 
with  the  sub-arachnoid  cavity,  and  terminates  anteriorly  at 
the  lamina  crihrosa. 

Iritia. — Symptoms.  1.  The  inobUity  of  the  iris  i»  di- 
miniehe'l. — In  all  cases  of  io6amRiation  of  the  Iris  the  pupil 
will  be  found  to  move  less  actively  than  in  health ;  in  some 
cases  its  movements  are  sluggish,  in  others  it  is  quite  inactive. 

2.  Vision  is  impaired. — The  normal  eye,  when  emme- 
tropic, is  able  to  read  No.  6  of  Snellen's  test  types  at  six 
metres'  distance,  but  in  iritis  tliis  will  nearly  always  be  found 
to  be  impossible.  The  jwitient  will  only  be  able  to  see  the 
larger  types,  Noa.  9  tn  60,  at  this  distance. 

3.  Tht  colour  cf  ihe  iris  is  altered. — This  change  is  snme- 
times  very  slight,  and  liable  to  escape  notice,  but  by  a  careful 
examination  with  obliiiue  focal  illumination,  there  will  ne«rly 
always  be  found  a  change  in  the  colour  of  the  tissue  surround- 
ing the  edge  of  the  pupil.  In  many  eases  this  is  very  marked. 
Ihe  blue  or  grey  iris  becoming  of  a  yellowish-green  tint,  whilrt 
the  dark  brown  colour  assumes  a  brownish  red,  or  rust  colour. 
Besides  this,  there  is  generally  a  dull  muddy  appeamnco  of  the 
tissue  of  the  iris. 

4.  The  btood-veeseln  immediately  eurrwiitding  the  coni^n 
are  iri^ecled. — These  are  always  seen  as  a  pink,  or  deep  red 
ririg,  whenever  iritis  ia  present  (see  fig.  8,  opposite  p.  74). 

5.  Pain,  may  be  entirely  absent,  or  may  exist  iu  various 
degrees  within  the  eye,  and  in  the  surrounding  temporal, 
frontal,  and  malar  regions.  It  is  often  associated  with  photo- 
phobia antf  lachrymut  iou.       • 
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Pathoh>!ji/. — Three  chief  forms  of  iritis  are  found,  viz.  the 
iprouE,  the  plastic,  aud  the  suppurative. 

Iritis  serow  (keratitis  punctata,  desoemetitis,  aqnn- 
Wpsulitis).  In  this  affection  the  ptipil  is  aluggiak  in  ticliou, 
nd  is  soTtiewhat  dilated.  Tlie  iris  becomes  lustreless,  and 
r  muddy  in  appearance;  it  evinces  but  little  tendency  to 
B  formation  of  plastic  einidations,  buttlie  ioflnmmatory Action 
prone  to  extend  biickwards  to  the  ciliary  bady,  and  tlie 
horoid,  and  forwards  along  the  fibres  of  the  tigamentum  pecti- 
latum  to  the  epithelioid  liiver  at  the  hack  of  Deacemet'e  mem- 
',  the  cells  of  which  become  proliferated,  and  hea])ed  np 

0  little  masses,  which,  as  the  disease  advances,  may  be  seen 
t  the  oblique  focal   illumination  as  small  dole  of  i/pacity  at 

B  back  of  the  cornea.     In  this  condition,  which  is  known  as 

TiitiHs  punctata,  the  dots   of  opacity  may   be   irregularly 

CBttered,  or  they  may  occupy  a  triangular  arpa,  the  apex  of 

virhich  is  opposite  the  pupil,  and  the  base  at  the  periphery  of  the 

ica,  either  below  or  at  one  side  (see  lig.  5,  opposite  p.  74). 

The  tendon  of  the  globe  is  increased,  and  the  aqueous 

immour  is  turbid.     TIus  is  due  in  the  6r8t  place  lo  h\'per- 

Ifeecretion  of  lymph  from  the  posterior  surfaces  of  the  iris  and 

1  ciliary  body,  and  secondly  to  obstructed  outflow  of  the 
Icons  into  the  canal  of  Scblemni,  owing  to  the  swelling  of 

bt!  tibres  of  the  ligamcntum   pectinatum,  which  guard  the 
mtrance  to  that  cavity. 

Fig.  1,  opposite  p.  126,  represents  a  section  of  the  ciliary 
region  of  such  a  case,  in  which  we  see  that  the  iris  is  some- 
;  thickened  and  hypcrnucleated,  that  the  posterior  part  of 
ibe  uveal  tract  is  but  little  aflTected,  and  that  there  are  no 
exudations  upon  its  siirfiice.  The  walls  of  the  arteries 
!  thickened ;  the  inflammation  has  extended  backwards  to 
:  ciliary  body,  which  is  swollen  and  also  intUti-atMl  with 
leucocytes  ;  it  has  alw  extended  forwards  along  the  fibres  nf 
'  ligamentum  pectinatum,  to  the  epithelioid  layer  at  (he 
it  of  Descemet'a  membrane,  where  the  cells  have  also  undcr- 
ine  proliferation. 
2.  Iritij  plaatioL — Under  this  head  may  be  placed  a  large 
and  varied  class  of  oases,  in  all  of  which,  however,  we  find  a 
I  tendency  to  the  exudation  of  jilastic  matter  within  the  tuili- 
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stance,  or  upon  fiit-  siirCice,  of  the  iris.  Tliese  forms  nre 
described  under  various  liendings,  such  as  Syphilitic  Iritis, 
Kheumatic  Iritis,  Ac.  In  plaetic  iritis  the  pupil  ia  always 
more  or  less  contracted.  The  iris  ia  changed  in  culour;  this  is 
moot  marked  immediately  around  the  edge  of  the  pupil,  but 
the  whole  tissue  of  the  iris  losen  its  brilhtincy,  and  asBumes  a 
nmddj'  appi'arance  (see  fig.  8,  opposite  p.  74). 

tiypb  Uitlciritia  vmmfts  nn  as  a  secondary  symptom,  gene- 
ndly  appearing  some  weeks  after  the  occurrence  of  the  nish. 
It  differs  from  other  forms  of  plastic  iritis  in  the  large  amount 
of  lymph  which  is  throwu  out,  and  in  the  rapidity  with  which 
this  becomes  organised,  causing  change  in  the  colour  of  the 
iris,  and  extensive  adhesions.  Gummatous  nodules  (p.  150) 
also  are  sometimes  seen.  Pain  and  conjunctival  injection  are 
often  comparatively  insignifii^Dt. 

IVieumatic  iritis  is  most  common  in  the  chronic  forms  of 
rheumatism.  It  is  attended  with  greater  pain  and  ccmjunctival 
injection  than  the  syphilitic  form.  The  plastic  exudation,  how- 
ever, is  less,  and  there  is  consequently  less  change  of  colour  in 
the  iris,  and  the  adhesions  are  less  extensive  and  form  less 
rapidly.     It  shows  great  tendency  to  relapse. 

The  change  of  colour  ie  due  to  the  exudation  of  lymphoid 
cells,  and  to  turbidity  of  the  aqueous ;  it  is  most  marked  near 
the  pupillary  edge;  the  whole  Ihicknirss  of  the  iris  becomes 
inHamed,  and  the  cells  of  the  posterior  nveal  portion  undergo 
proliferalion,  throwing  out  a  layer  of  lymph  upon  the  ^urfaca 
between  the  iris  and  capsule  of  the  leus  (fig.  2,  opposite  p.  127). 
Unless  the  pupil  is  dilnt'ed  bvatropine,  or  some  other  mydriatic, 
this  lymph  becomes  organised,  aud  cau-ies  poiterior  lyneoliia,  or 
adhesion  between  the  liack  of  the  iris  and  the  cagisule  of  the  h-ns, 
Tiiis  synechia  may  he  partiiJ  or  complete ;  when  [inrtial,  there 
may  be  one  or  many  points  of  attachment,  so  that  when  atropine 
is  used  the  unnttaclied  portion  of  thr  iris  is  drawn  out,  whilst 
the  attached  [lortion  remains  in  position,  giving  the  pupil  an 
irregular  outUne,  which  varies  considerably  in  different  cases 
(sec  fig.  10.  opiKisite  p.  74).  Whcp  the  wIh.Ic  of  llie  edge  of 
the  pupil  is  adlicrcnl  to  the  capFuh-  of  the  lenN.  sii  that  no 
fluid  cnn  pas*  frmu  Iwhind  thirtugh  it*  aperture,  the  condition 
is  called  total  poiterior  lynectiia,  <.>t  Bzoltuion  of  the  papil.    It 
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t  nnfrequeDtly  happens  in  severe  iilastic  iritis  that  lympli  is 
[BIso  thrown  out,  so  as  to  occupy  the  area  of  the  pupil,  fheri- 
wining  organised  into  an  opaque  persistent  membrane,  which 
|»y  be  ]ierforated  by  one  or  more  small  apertures.     This  con- 
\  is  termed  ocolntion  of  the  pnpil. 
In  cases  of  iritis  following  penetrat  ins;  wounds,  and  perforat- 
ing ulcers  of  the  cornea,  the  escape  of  the  aqueous  having  allowed 
the  iris  to  come  into  contact  with  the  cornea,  an  adhesion — an- 
-tvrior  ijoeohia — often  takes  place  between  the  iris  and  cornea. 
Fig.  2,  on  the  opposite  page,  shows  a  section  of  severe  plastic 
tis,  in  which  it  will  be  seen  that  the  tissue  of  the  iria  is  exces- 
Kvely  hypemucleated  and  altered.    On  its  anterior  surface  is  a 
rfitute  layer  of  organised  lymph,  forming  an  anterior  synechiii. 
1  the  posterior  surface  the  pigment  layer  is  greatly  thickened, 
1  presents  a  [lortion  of  exudation  which  has  been  torn  from 
Itke  cajMulc  of  the  lens.     The  ciliary  body  is  but  little  affected. 
3.  Iritii  •npporativa  is  characterised  by  marked  and  r^ipid 
ihanges   in   the    iris.     The   pupil   is   contracted,   and   either 
tlaggish  or  immovable.     The  tissue  of  the  iris  is  swollen,  and 
■its  colour  clianged  t«  a  muddy  green  or  brownisti-ycllow.     The 
'  aqueous  humour  is  at  first  slightly  tnrbid,  but  before  long  the^(^ 
is  a  collection  of  yellowish  puro-lymph  at  the  bottom  of  the 
anterior  chamber,  which  may  increase  so  much  as  to  occupy 
the  greater  part  of  that  cavity.     Suppurative  iritis  is  seldom 
confined  ta  the  tissue  of  the  iris,  but  is  usually  either  derived 
from  or  extends  to  the  sum^nnding  tissues,  as  the  cornea,  the 
ciliary  body,  the  choroid,  and  the  vitreous.     When  not  due  to 
injury,  it  is  usually  associated  with  a  low  state  of  health. 

Fig.  3,  on  the  opposite  page,  represents  a  section  of  the 
ciliary  region  of  such  a  case.  This  shows  the  iris  to  be  greatly 
swollen,  and  infiltrated  throughout  with  inflammatory  cells. 
The  walls  of  the  TWsels  are  thickened,  and  with  a  higher  ]mwer 
arc  foimd  to  be  completely  blocked  with  leucocytes.  The  ciliary 
body,  and  even  the  choroid  and  sclerotic  in  the  ciliary  region, 
arc  alw  thickened  by  inflammatory  infiltration. 

CauM  of  iritit. — In  many  cases  of  cither  serous,  plastic, 
(If  Kii]Jiiumtive  iritis  it  is  qail«  impossible  to  trace  any  cause 
whativer.  The  plastic  and  suppurative  forms  are  frequently 
set    up   by   wounds   of  the   cipmcu    or   anterior   [lart   of  the 
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sclerotic,  and  may  follow  operations  in  wliich  the  iris  has 
lieen  bruised,  as  in  cataract  extraction,  also  by  otber  injuries 
of  the  eye,  such  as  contusions  without  wounds,  ^ypkllis  is 
im  occasional  cause  of  serous  iritis  aud  a  very  frequent  cause 
of  the  plastic  form.  RlimimatUm.  is  also  a  common  cause 
of  plastic  iritis,  and  occasionally  gives  rise  to  the  serous 
and  the  suppurative  forms.  A  gouty  diathesis  is  also  thought 
to  j»redi8ix>se  to  iritis.  The  serous  form  of  iritis  may  at  any 
time  take  on  a  plastic  nattue,  and  both  the  serous  and  the 
plastic  forms  may  go  on  to  suppuration.  Iritis  is  more  common 
in  adults  than  in  young  subjects.  When  observed  in  children 
under  ten  years  of  age,  it  is  almost  invariably  due  to  an  injury, 
to  iuflammatioii  or  ulcer  of  the  cornea,  or  to  iulicritcd  s^~phili6. 
It  may  even  occur  In  idero. 

Frognosis,  Treatment,  and  Complicatiou. 

lu  the  t  rcat  ini'iit  of  iritis  the  first  anil  mosi  important  object 
is  to  dilate  the  pupil.  This  is  l>est  effected  by  the  use  of  a  I  per 
cent,  solution  of  atri)pine  dropped  into  the  eyes  every  three 
iir  four  hours.  This  causes  the  widest  possible  dilatation  of  the 
pupil,  and  ly  keeping  the  pupillary  edge  of  the  iris  away 
from  the  capsule  of  the  lens  prevents  tlie  formation  of  pos- 
terior synechia.  If  adhesions  have  already  formed  and  are 
recent,  it  is  a  good  plan  to  use  atjnipine  every  hour  for  a  few 
hours ;  this  treatment  is  likely  to  break  thera  down,  leaving 
jierhaps  a  few  dots,  or  a  ring  of  pigmental  lympb  uinn  the 
capsule,  which,  however,  may  partially  or  entirely  dii<apjiear.  If 
the  adhesions  are  of  sufficient  age  to  have  become  firmly  or- 
gaDiBcd,  the  atropine  will  not  break  them  down,  but  it  will 
still  cause  dilatation  of  any  part  of  the  pnpil  that  may  be  uu- 
atlacbed,  and  eo  prevent  Airther  complication  of  this  kind. 

In  using  atropine,  it  must  [le.  remembered  that  the  ciliary 
muscle  is  temporarily  paralysed,  and  that  near  vision  is,  there- 
fore, grcntly  impaired  for  the  lime.  Again,  the  use  of  this 
drug  ix'CHsiniudly  ^ives  rise  to  what  is  called  atropiot  irrita- 
tion. This  consists  of  irritable  conjunctivitis,  and  of  swelling 
and  erytbema  of  the  skin  of  the  eyelids  and  surnmudiug  region. 
In  some  coses  it  is  very  severe.  I  liuve  a  patient  under  roycare,  ^ 
aged  twenty-three,  in  whom  a  single  application  of  atropine 
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\  ffuffi<Tieiit'  to  set  up  violent  pain  in  the  eyes  with  photo- 

I  phobia,   intense   injec-tiou   of  the  conjunctiva  with  cheinosis, 

I  grent  redness,  swelling  and  a  vesicular  eruption  of  the  skin  of 

Ktlie  eyelids,  cheeks,  and  forehead.     When   tliia  complication 

rises,  the  atropine  must  at  once  be  stopped,  and  some  other 

mydriatic  substituted.     For  this  pm^wse  a  \  per  cent,  solution 

f  Ihiboisin,  or  a  5  per  cent,  solution  of  Hyoscyamine,  should 

e  tried  with  caution.     I  have  found  that  patients  who  cannot 

bslerate  atropine,  are  in  some  cases  also  unable  to  withstand 

!  itction  of  these  agents,  although  aa  a  rule  these  are  less 


Kio,  3J.— HentleloDp's  Leech. 
irritating  than  atropine.  The  second  indication  for  treatment 
of  iritis  is  to  relieve  pain  and  condition.  One  of  the  b>^t 
cnethodd  we  possess  of  doing  this  is  by  the  alternate  applica- 
tion of  moist  and  dry  heut.  For  this  purpose,  let  (he  eye  be 
balbecl  every  few  hours  with  hot  water,  and  then  apply  a  large 
pad  of  hot  dry  cotton  wool  to  the  closed  eyelids  and  keep  it 

I  there  until  the  next  foinentat  iou.  The  wool  is  easily  made 
hot  by  contact  with  the  outside  of  a  can  of  boiling  water.  The 
jby  hot  wool  alone  is  also  very  comforting,  and  bt-neficiaL  The 
ptropine  which  has  been  used  for  dilating  the  pupil  is  also  a 
L : 
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sedative,  and  will  help  to  relieve  the  pain.  The  use  of  several 
leeches  applied  to  the  maliir  eminence,  or  to  the  side  of  the 
nose,  or  the  application  of  He urtle loop's  artificial  leech  to  the 
temple,  often  gives  relief.  Henrtlelonp'B  artificial  leech  con- 
sists of  a  fiharp  cylindrical  drill,  and  a  glass  exhauBting-tnbe 
with  an  air-tight  piston  fsee  fig.  39),  The  drill  can  be  set  at 
any  depth  by  means  of  a  screw.  It  is  applied  to  the  temple, 
the  hair  having  been  previously  shaved  off  from  a  space  suffi- 
ciently large  to  accommodate  the  end  of  the  cylinder.  The  blade 
being  set  at  a  depth  sufficient  to  jienetrate  the  skin,  is  firmly 
applied  to  the  temple,  and  the  incision  made  by  rotating  the 
upper  knob;  this  done,  and  the  cutter  being  withdniwn,  the 
exhaustion  is  effected  by  gradually  rotating  the  two  lower 
knobs.  The  cylinder  holds  about  an  ounce  of  blood,  and  ought 
to  fill  in  the  course  of  five  minutes.  Light  should  be  excluded 
from  the  eye  for  about  twelve  hours  after  the  use  of  the  artifi- 
cial leech.  Alcoholic  stimulants  of  all  kinds  should  be  avoided 
during  iritis. 

Another  important  aid  in  the  relief  of  jmin  and  congestion 
is  the  operation  of  paracentesia  of  the  anterior  chamber  (see 
p.  87).  This  simple  proceeding  will  often  give  immediate 
relief  when  other  methods  are  only  jjartially  successful.  It  is 
never  attended  by  bad  results,  and  its  value  .should  not  be  over- 
looked, especially  when  other  means  have  failed,  and  the 
aqueous  humour  is  turbid.  After  the  operation  has  been  per- 
formed, the  wound  should  be  prevented  from  healing  for  a  few 
days,  by  the  introdnetion  of  a  small  blunt  probe  (fig.  28)  between 
the  lips  of  the  wound. 

GenenU  Trmlment  is  also  of  great  importance.  Sleep  and 
relief  from  pain  may  often  lie  procured  by  the  use  of  opium  or 
chloral  internally,  or  by  the  hypodennic  injection  of  morjihia. 
When  iSsipA»7(«  is  found  to  be  the  cause  of  the  iritis,  the  general 
disease  must  be  rigorously  treated  in  addition  to  the  local  affec- 
tion. Mercury  (F.  35, 36, or  37)  should  be  given  twice  or  three 
times  daily  until  the  gums  are  slightly  ml  and  tender,  and 
then  by  reducing  the  dose  this  condition,  just  short  of  saliva- 
tion, should  be  kept  up  until  all  symptoms  of  the  general  dis- 
ease have  disap[>eared. 

In  the  rheumatic  form  the  iodide  of  potassium,  and  other 
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reimilies  suitable  for  the  genern)  disease,  will  be  found  to  alle- 
viate the  inflammation  of  the  iris. 

Bj  the  coinhination  of  these  local  and  general  remedies  it 
will  nsually  be  foimd  tliat  iritis,  when  treated  at  an  early  stage, 
will  progress  favourably,  and  leave  no  trace  of  its  existence. 

One  or  two  preeautioni  in  treatment  are  necessary  ;  thus  in 
irilia  (leroea,  if  the  tension  of  the  globe  becomes  much  increased 
the  uce  of  atropine  must  be  discontinued,  and  either  replaced  by 
a  j  per  cent,  solution  of  eserine,  by  jiaracentesis,  or  iridectomy. 

In  iritlB  reaolting  hiym  iqjnr;,  when  seen  in  the  early  stage 
the  continuous  application  of  cold  to  the  closed  eyelids,  by 
means  of  lint  dipjM-d  in  iced  water,  is  the  best  means  of  allaying 
inflammation;  this  should  be  combined  with  the  use  of  atro- 
pine, and  the  application  of  leeches. 

In  certain  cases,  however,  the  most  judicious  local  and  in- 
ternal treatment  fails  to  cure  the  disease ;  the  symptoms  may 
become  somewhat  abated,  but  will,  nevertheless,  continue  week 
after  week,  constituting  a  state  of  chronie  iritia.  Under  these 
circumstances  the  most  reliable  remedy  is  iridectomy.  It  is 
difficult  to  lay  down  any  precise  rule  as  to  the  exact  period  at 
which  this  operation  should  be  performed.  Each  case  must  be 
judged  upon  its  own  merits.  My  rule  is  to  desist  as  long  aa 
the  case  appears  ta  progress  favourably,  but  should  the  pupil 
continue  sluggish  or  fixed,  the  iris  discoloured,  the  aqueous 
turbid,  the  circumcorueal  zone  injected,  and  especially  should 
the  tension  of  the  eye  increase,  I  do  not  hesitate  to  perform 
iridectomy  upwnrds.  This  is  usually  followed  by  great  relief 
of  pain,  and  diminution  of  other  inflammatory  symptoms. 

When   porterioT   lyneehisB   have  formed,  the  number  and 
extent  of  the  adhesions  will  be  shown  by  the  etTect  of  a  1  per 
cent,  solution  of  atropine  dropped  into  the  palpebral  ajterture. 
'  If  only  one  or  two  jxiints  of  attachment  exist,  they  may  be 

left  alone  and  disregarded,  so  long  as  the  eye  remains  ijuiet  ; 
but  should  they  be  found  to  t^use  recurrent  inflammatory 
attAcki  something  must  be  done  in  the  nay  of  o[icrative  pro- 
cedure. By  most  ophthalmic  surgeons  such  cases  are  treated  by 
EirIflM>«niQy,  but  some  operators  prefer  to  detach  the  adherent  por-  I 
he  iris  from  the  capsule  of  the  lens.  This  may  be  done,  ^ 
ly  the  method  of  Passavaut,  or  by  that  of  Sireatfeild. 
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FassaTant'B  method  cooflists  in  making  an  incision  in  the 
fj(;ri['hery  of  that  part  of  tbe  cornea  which  ia  in  front  of  the 
synechia,  seizing  wilh  forceps  and  drawing  ontwards  the  attached 
portion  of  the  iris ;  the  internal  margin  of  tbe  iris  being  thus 
net  free,  it  is  released  from  the  forceps  and  the  latter  withdrawn 
from  the  wound,  in  this  method  the  capsule  of  the  lens  is  not 
touched,  so  that  it  is  not  likely  to  be  wounded  by  the  forceps. 

Streatfeild'a  method  (CorelfiU)  consi.-4ts  in  making  a  panc- 
ture  in  the  cornea  with  a  broad  needle,  on  tlie  side  opposite  to 
the  principal  adhesion,  and  then  passing  a  Streatfeild'a  hooked 
epatula  through  the  wound  into  the  anterior  chamber  across 
the  pupilf  and  between  the  iris  and  lens,  taking  care  to  direct 
the  blunt,  end  of  the  instrument  away  from  the  latter,  and  far 
enough  beneath  the  iris  \a  be  able,  by  lateral  nioiements  and 
traction,  to  lift  the  iris  away  from  the  capsule,  and  so  to  break 
down  the  adhesion. 

The  after  treatment  of  both  theae  operationa  consists  in  the 
nse^  atropine,  with  a  light  pad  and  a  bandage,  keeping  the 
eye  closed  fur  ten  days. 

When  eztentive  Bynechife,  or  total  posterior  synechia,  with  or 
without  ocolniion  of  the  pupil,  are  found  to  exist  during  or  after  an 
attack  of  iritis,  their  presence  must  be  regarded  as  antagonistic 
to  the  welfare  of  the  eye.  By  the  dragging  and  limited  move- 
ment thus  imposed  upon  the  iris,  and  by  the  obstruction  con- 
stantly offered  to  the  circulation  of  the  intraocular  fluids  through 
their  ordinary  channel,  the  pu|iil,  they  are  sure  at  some  time 
to  Bet  up  further  trouble.  This  may  appear  in  the  form  of 
recurrent  inSammntion,  which  often  ext<*iids  from  the  irig  to 
the  ciliary  body  and  the  choroid,  or  it  may  manifest  itself  by 
increased  tension  of  the  globe,  either  with  or  without  these 
inflammations.  After  this  condition  has  existed  for  some 
time  the  periphery  of  tbe  iris  will  be  observed  to  bulge  for- 
wards, whilst  its  pupillary  margin  is  bound  down  to  the  lens. 
This  is  caused  by  the  pressure  of  the  fluid  which  is  pent  up 
behind  the  iris.  Kvery  jwssible  effort  must  therefore  be  made 
to  remove  these  adhesions,  and  to  establish  the  circulation  of 
the  aqueous  humour  Ihrongh  t.h«  pupil.  In  the  first  place,  by 
the  use  of  stnmg  mydriatics,  such  as  atropine,  and  by  the 
treatment  of  constitutional   symptoms,  mut-h  breaking  down 
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and  re-absorption  of  the  plastic  esudatiou  may  sometiini's  be 
accoti)i>lished.     If  these  means  fail  to  liberate  the  iris  from  its 
adhesive  bond^,  the  next  step  is  to  perform  a  free  iridectomy 
without  further  delay.     This  should  be  done  whether  chronic 
recurrent  irilie  be  present  or  not.   The  position  of  the  section  of 
the  iris  must  depend  upon  the  condition  of  the  pupil ;  if  this 
be  occluded,  the  iridectomy  should  be  made  downwards  and  in- 
wards, 80  as  to  give  an  artificial  pupil ;  if  the  pupil  be  tolerably 
.  clear,  the  section  may  be  made  upwards.     Von  Graefe  found 
■tliis  operation  to  -be  of  the  greatest  service,  not  only  in  the 
1  of  infiammation  and  intraocular  tension,  but  in  the 
mprovement   of  vision,  and  in  the  prevention   of  recurrent 
ittackn.     His  experience  has  been  fully  confirmed  by  others, 
1  his  practice  is  now  gentTully  adopted,  with  the  best  result*. 
When  iritis  becomes  isppnrative  the  internal  use  of  tonics, 
■  U  bnrk  and  ammonia,  with  goml  food  and  fresh  air,  is  advisable, 
"lie  use  of  mercury,  blood-letting,  and  other  lowering  remedies, 
I  to  be  avoided.     I^ocally,  warm  fomentations  or  iK>ultiee8  to 
e  eyelids  are  of  use;  and  should  the  pus  be  copious,  or  the 
itijre  painful,  paracentesis  of  the  anterior  chamber  will  be  found 
■to  give  great  relief.     The  section  should  be  made  below  (see 
p.  87),  and  the  wound  kept  open  by  the  use  of  a  fine  probe 
(fig.  28),  for  a  few  days. 

Cyelitii. — InHammation  of  the  ciliary  l>ody  is  rarely  found 
0  exist  without  a  similar  condition  of  either  the  Iris  or  the 
oid,  or  both. 

Wien  cyclitis  is  present,  we  find  intense  injection  of  the 
MseU  in  the  circumcomeal  zone  of  the  sclerotic  and  episcleral 
usues.  The  aqueous  humour  is  turbid,  and  presents  flocculi 
f  lymph;  sometimes  flakes  of  pus,  and  even  of  blood,  may  be 
WD  in  the  anterior  chamber.  On  making  slight  digital  pres- 
e  through  the  closed  eyt-lids,  we  6ntl  the  ciliary  region  to 
i  intensely  tender.  The  rision  is  always  impaired.  If  ve  try 
explore  the  fundus  oculi  by  means  of  the  ophthalmoscope, 
Aer  dilatation  of  the  pupil  by  atropine,  it  is  iinpoesible  to 
■JD  any  definite  outline  of  the  optic  disc,  or  of  the  vessels  of 
llie  relina.  This  obscurity  is  due  in  the  first  place  to  the  tnr- 
Udity  of  the  aqueous  already  mentioned,  and  secondly  to  a 
njlar  condition  uf  the  vilreotis,  in  nliich  floating  ojHicities  cuii 
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often  be  seen.  After  cyclitis  has  existed  for  some  time  the 
sclerotic  becomes  tliiuned,  and  allowa  the  dark  colour  of  the 
ciliary  body  to  be  seen  through  if,  whilst,  owing  to  the  dimi- 
nished resistance  which  it  offers  to  the  intraocular  jiressure,  it 
Gometimes  bulges,  forming  a  ciliary  staphyloma,  and  the  globe 
becomes  softened. 

The  appearance  of  the  healthy  choroid  must  be  carefully 
studied  before  we  can  jiroiH-rly  appreciate  the  localised  io- 
flammatory  and  other  changes  which  occur  in  the  course  of  the 
diseases  of  that  {Kirt  of  the  eye. 

We  liave  seen  (p.  1 1 9 )  that  the  choroid  consist  s  from  within 
outwards  of  sis  layers  of  structure,  wliich,  for  convenience  of 
description,  are  called  (1)  the  uvea,  (2)  the  lamina  vitrea, 
(3)  the  chorio-capillarts,  (4)  the  elastic  layer  of  Sattler,  (5)  llie 
layer  of  larger  vessels  with  the  lamina  eupra-choroidea,  and  (6) 
the  lamina  fusca. 

Now  tht,  colour  of  the  fwndua  oculi,  which  is  seen  by  re- 
flected light  when  we  use  the  ophthalmoscope,  is  due  to  two 
chief  causes,  viz. :  the  Hood  ountained  in  the  ehorio-eapillaria, 
and  the  pigvient  granules  contained  in  the  cells  of  ihe  uvea, 
and  of  the  interstices  of  the  chorio-capillaris,  the  vascular  layer, 
and  the  lamina  fusca. 

When  this  pigment  is  altogether  absent,  as  in  the  case 
of  albinos,  we  get  a  light  yellowish-red  colour,  reflected  from 
the  blood  within  the  capillaries;  whilst  the  interstices  between 
the  latter  are  seen  to  be  of  a  lighter,  almost  whit«,  aiiiienraiice, 
owing  to  the  reflection  from  the  sclerotic  beyond  the  lamina 
fuitca,  and  thus  a  fairly  well  defined  outline  of  the  choroidal 
vessels  is  obtained. 

7ft  fair  persmta,  where   the  pigment  granules  contained 
within  the  cells  are  only  of  a  faintly  brown  colour,  the  fundus 
has  a  yellowish-red  colour,  and  the  vessels  of  the  choroid  can   > 
often  be  seen,  although  less  distinctly  tJian  in  albinos. 

In  moderately  lUtrlc  persmi^  this  pigment  becomes  of  a 
dcHper  brown,  and  the  fundus  presents  a  light  brownish-red 
colour,  no  choroidal  vessels  being  seen  (see  figs.  1  and  2,  on  the 
opposite  page).  In  very  dark  jMirson*  the  brown  tint  bec^omes 
more  pretlominaut,  at  the  expense  of  the  yellowish-red. 

In  negi-oes,  and  all  dark  racai,  the  pigment  is  so  abundant 
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ae  to  prevent  the  appearance  of  almost  all  red  reflex  from  the 
choroid,  the  fundus  assuming  a  brown ish-grej,  or  even  slnte 
colour. 

The  colour  of  the  fundus  varies  very  much  with  the  inten- 
sity and  col(.>iir  of  the  light  used,  and  with  the  state  of  dilata- 
tion of  the  pupil.  It  is  brighter,  castei'ia  paribus,  in  proportion 
to  the  number  of  rays  of  light  that  can  be  thrown  into  the  eye. 

Choroiditis. — Intlammation  of  the  choroid  niny  be  general, 
or  it  may  be  more  or  less  localised. 

General  cbroroiditia  may  be  serous,  plastic,  or  purulent, 

la  serous  choroiditis  the  objective  symptoms  are  not  greatly 
marked;  there  is  usuuUy  slight  redness  of  the  circumcorneal 
zone,  and  frequently  a  finely  dotted  appearance  at  the  back  of 
the  cornea — 'keratitis  punctata.'  Both  the  aqueous  and  the 
vitreous  humours  are  slightly  turbid,  so  that  the  papilla  and 
retinal  vessels  cannot  be  distinctly  seen,  but  present  a  hazy 
appearance,  simulating  papillitis,  or  neuro-retiuitis.  If,  how- 
ever, the  case  were  one  of  simple  neuritis,  or  neuro-retinitis, 
the  media  remaining  clear,  we  should  be  able  at  least  to  see  the 
peripheral  portions  of  the  retinal  \-essel8,  whereas  in  serous 
t:horoiditis  the  whole  fundus  is  hazy. 

Again,  in  this  disease  if  we  use  a  plane  mirror,  having  a 
convex  lens  Ijehind  its  sight-hole,  to  illuminate  the  fundus,  and 
direct  the  patient  to  look  alternately  upwards  and  then  back 
to  the  mirror,  we  cau  penfeive  the  presence  of  numerous  float- 
ing opacities  in  the  vitreous,  which  do  not  [wesent  themselves 
in  optic  neuritis.  Vision  is  im^tnired  in  proportion  to  the 
ofNicity  of  the  media.  This  affection  is  usually  associated  with 
some  constitutional  dyscrasia,  as  syphilis,  rheumatism,  or  gout. 
As  we  shall  presently  see,  it  may  mark  the  onset  of  sympathetic 
ophthalmitis ;  in  fact,  it  appears  to  be  due  to  the  same  causes  as 
serous  iritis. 

The  teusion  of  the  globe  is  usually  normal  at  the  commence- 
ment, but  it  often  becomes  afterwards  increased,  and  the  case 
may  be  mistaken  for  glaucoma.     {Sfe  Glaucoma.) 

Treatment  must  first  be  directed  to  any  existing  consti- 
tutional dyscroaia,  the  eyes  being  kept  in  a  state  of  rest,  and 
shaded  from  the  light.  Should  the  tension  of  the  globe  become 
increased,  paracentesis   of  the  anterior  chamber  (see  p.  87) 
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is  advisable.  This  operation  in  often  of  great  use  in  reducing 
pain,  wbich  may  be  considerable,  and  in  retarding  the  progre»H 
of  the  ioflammaf  ion ;  it  may  in  some  cases  be  rei>eated  several 
times  at  intervals  of  two  or  three  days,  with  benefit.  Should 
the  paracentesis  prove  insufficient  to  reduce  tlie  tension  and  to 
relievp  the  intraocular  trouble,  iridectomy  should  be  performed 
upwards. 

Flattio  choroiditii,  when  general,  is  accompanied  by  symp- 
toms of  violent  inflammation,  There  is  intense  redness  of  the 
cireumcomeal  zone  of  vessels,  and  more  or  less  chemosie  of  the 
ocular  conjunctiva.  The  afjueous  humour  is  turbid,  and  may 
contain  pus  or  even  blood.  The  vitreous  is  also  found  tfl  be 
even  more  cloudy  than  the  aqueous,  bo  that  no  detail  of  the 
fundus  can  be  made  out  with  the  ophthalmoscope  ;  in  fact,  in 
many  cases  not  even  the  retl  reflex  from  the  choroid  can  be 
obtained.  Sometimes  the  opacity  is  almost  confined  to  the 
vitreous  humour.  The  iris  and  the  ciliary  body  usually  i«r- 
ticipate  in  this  inflammation.  Vision  is,  of  course,  gravely 
interfered  with,  and  may  only  amount  to  bare  perception  of 
light.     Tliere  is  often  severe  pain  in  and  around  the  globe. 

The  disease  is  most  serious  from  its  onset ;  masses  of 
exudation  are  thrown  out,  causing  detachment  of  the  retina. 
The  inflammation  usually  goes  on  from  bad  to  worse,  causing 
disorganisation,  and  final  softening  of  the  globe,  and  leaving 
the  patient  without  even  ptrceplion  of  light.  Tliis  affection 
mostly  occurs  in  young  children ;  sometimes  as  a  complication 
in  some  severe  illneB!:!,  as  meningitis.  In  adults  it  also  usually 
dates  from  some  severe  malady,  where  there  may  have  been 
grave  meningeal  or  cerebral  lesions ;  but  it  may  come  on 
spontaneously,  and  without  any  assignable  cause.  In  young 
children  it  sometimes  attacks  only  the  parts  posterior  to  the 
crystalline  lens,  and  by  a  more  or  less  circumscribed  exudation 
beneath  the  retina,  causes  this  (o  bulge  forwards  as  a  yellowish- 
white  mass,  which  can  be  seen  by  the  oblique  focal  illumina- 
tion, and  by  the  ophthalmoscope,  to  project  into  the  vitreous 
chamber.  It  has  a  yellowish  or  yellowish-white  colour,  and 
may  easily  be  mintaken  for  glioma.  To  this  condition  the 
term  FHndogUoma  is  often  appliefl.  The  jmints  of  distinction 
between  these  will  be  found  under  the  head  of  Glioma. 
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Treatment  is  unfortunately  of  but  little  semce  in  these 
condition?.  Local  depletion,  ns  by  leeches,  may  be  useful  in  the 
early  stage?,  but  as  a  rule  the  eye  is  doomed  to  a  disorganised 
condition  of  the  structures  essential  to  vision. 

In  pnrnleiit  choroiditis,  the  symptoms  from  the  first  are 
those  of  intense  inflammation.  The  conjunctiva  and  sub- 
conjunctival tissues  are  densely  infiltrated  with  serum,  so  that 
the  cornea  is  partly  covered  in  by  the  swollen  tissues,  The 
eyelids,  also,  are  red  and  swollen,  so  much  so  that  were  it  not 
fur  the  absence  of  discharge  the  case  might  be  considered  to 
be  one  of  purulent  conjunctivitis.  The  iris  is  changed  in  colour, 
and  becomes  muddy  in  appearance,  the  pupil  fixed,  and  the 
cornea  hazy  and  antesthetic.  The  globe  of  the  eye  appears 
swollen  and  pushed  forwards,  it  is  hard  to  the  touch,  and  ex- 
tremely iiainful  on  pressure.  There  is  excessive  pain,  at  first 
in  the  eye,  and  afterwards  in  and  around  the  orbit.  Vision  ia  of 
course  soon  diminished,  and  finally  lost  altogether.  Pus  forma 
in  the  anterior  chamber,  and  is  accompanied  by  general  pyrexia. 

TAe  ntu«ea  of  purulent  choroiditis  are  various.  It  may  follow 
a  perforating  wound,  whether  caused  by  an  accident  or  operation, 
e.g.  that  of  cataract  extraction,  or  it  nahy  be  caused  by  the  entry 
of  a  foreign  body.  It  may  be  caused  by  extension  of  inSamma-- 
tion  from  the  cornea  and  iris,  as  in  perforating  and  serpiginous 
ulcers  of  the  cornea  with  hypopyon.  It  sometimes  occurs  in 
typhoid  and  puerperal  fevers.  Occasionally  it  is  seen  as  a 
metastatic  phenomenon  in  amputations,  and  other  states  where, 
owing  to  septica'mia,  thromboses  are  liable  to  occur.  In  some 
cases,  however,  the  cause  of  this  affection  is  difficult  to  trace. 

The  treatment  is  here  again  but  a  sorry  undertaking.  Local 
leeching,  hot  fomentations  and  |>oultices,  combined  with  mor- 
phia, either  hypodermieally  or  otherwise  administered,  are  very 
useful  in  allaying  ]iain.  As  soon  as  pus  is  evidently  accumulat- 
ing in  or  behind  the  aqueous  chamber,  prompt  surgical  inter- 
ference is  indicated.  If  the  eye  be  left  to  itself  there  is  consi- 
derable risk  of  the  inflamniatioa  extending  backwards  along  the 
optic  nerve  to  the  brain  and  its  membranes,and  so  causing  a  fatal 
termination.  Excision  of  the  globe  is  in  my  opinion  the  best  and 
safest  way  of  treating  this  severe  condition.  Some  surgeons, 
however,  are  doubtful  as  to  the  propriety  of  removing  an  eye 
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whilst  in  this  inflnmed  and  suppurating  condition,  and  prefer 
first  to  make  an  incision  through  the  anterior  part  of  the  globe 
60  as  to  relieve  pain,  tension,  &c.,  and  to  postpone  the  excision 
UJitil  the  inflammatory  symptoms  have  subsided. 

Disseioimated  ohoroiditlf. — The  symptoms  which  first  induce 
the  patient  to  seek  advice  are  various;  there  may  be  niuscie 
volitantes,  defective  vision,  or  pain  in  the  eyes.  On  ophthalmo- 
scopic examination  we  find  one  or  more  patches  distributed 
over  the  fundus,  either  towards  the  periphery,  or  nearer  the 
central  region.  These  jjatches  vary  considerably  in  size,  shape, 
and  colour.  The  recent  ones  have  a  yellowish-red  appearance, 
and  differ  hut  little  from  the  rest  of  the  fundus ;  in  feet,  with- 
out a  careful  examination  by  the  direct  method,  they  may 
easily  escape  notice.  When  more  advanced,  they  become 
whitish-yellow ;  and  stitl  later  we  find  them  to  be  quite  white, 
and  glistening  with  little  aggregations  of  pigment  attached  to 
their  edges  or  in  some  jKirt  of  the  area.  Sometimes  they  be- 
come confiueut,  and  form  large  tracts  of  atrophy,  in  which  only 
white  cicatricial  tissue  and  aggregations  of  pigment  can  be  seen. 

Figures  1  and  2,  on  the  opposite  page,  represent  a  typical  casu 
of  this  kind.  They  were  drawn  from  a  case  which  is  still  under 
my  care  at  the  Westminster  Ophthalmic  Hospital.  Both  fundi 
are  affected  ;  in  the  right  eye,  however  (tig.  2),  the  disease  is 
more  advanced  than  the  left,  and  has  become  confluent  in  the 
yellow  spot  region. 

Both  the  visual  acuity  and  the  visual  field  are  affected  in 
proportion  to  the  extent  of  the  disease,  and  the  jtart  of  the 
fundus  attacked. 

In  many  cases  the  vitreous  humour  is  also  found  t«  he  more 
or  less  affected.  This  shows  itself  more  especially  when  the 
disease  can  l>e  directly  traced  to  syphilis.  Forster '  ia  of 
opinion  that  these  deserve  ii  separate  classification,  and  desig- 
nates them  lyphilitio  choroido-retiiutiB.  The  vitreous  affection 
is  indicated  hy  the  presence'of  ojiaciUes;  these  maybe  very  fine 
(' duBt-like '),  and  only  to  be  observed  by  careful  examination  ; 
they  may  be  confined  to  the  posterior  part  of  the  vitreous,  and 
so  give  a  hazy  outline  to  the  optic  disc  and  the  yellow  spot 
region ;  or  they  may  ctmxist  of  larger  cijiaeities  occupying  the 
■  Arehir/Sr  Oj/AHmli.,  vol.  xx.,  put  L 
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entire  vitreous,  which  sometimes  render  any  view  of  the  fundus 
impossible.  When  the  vitreous  haze  is  present,  the  vision  is 
greatly  impaired,  and  the  sensibility  of  the  retina  is  very 
obtuse.  Patients  suffering  from  syphilitic  choroido-retinitis 
require  a  bright  light  in  order  to  see  at  all  well.  Id  dull 
illumination  the  vision  is  extremely  bad. 

The  cause  of  disseminated  choroiditis  is  often  obscure.  It 
is,  as  we  have  just  remarked,  fi-equently  traceable  to  syjihilis, 
either  acquired  or  inherited.  It  is  sometimes  associated  with 
rheumatism  and  gout.  It  is  not  uncommon  in  progressive 
myopia, 

Pailiology. — When  a  recent  patch  of  this  affection  is 
esamined  microscopically,  we  find  a  cluster  of  round  and  fusi- 
form cells  in  the  region  of  the  lamina  vitrea  and  the  chorio- 
capillaris.  The  pigment  layer  is  then  unaffected.  As  the 
disease  progresses,  the  cells  of  the  pigment  layer  begin  to 
proliferate,  and  the  part  which  is  immediately  opjwsite  to  the 
patch  becomes  absorbed,  giving  it  a  white  appeanince ;  the 
Ijigment  becomes  accumulated  at  the  edges  of  the  patch,  and 
the  inflammation  extends  to  the  layer  of  rods  and  cones,  and 
the  outer  granular  layer  of  the  retina.  I^ter  on,  this  inflam- 
matory deiKisit  becomes  absorbed,  and  gives  place  to  cicatricial 
tissue ;  but  the  structures  iuvolved,  viz,  the  outer  granular 
layer,  the  rods  and  cones,  the  uveal  tract,  and  the  vessels  uf 
the  choroid  are  found  t«  be  destroyed,  and  their  place  occupied 
by  this  new  cicatricial  tissue. 

Figure  40  represents  a  section  of  the  choroid  thus  affected. 
At  the  point  3,  cicatricial  contraction  is  seen  to  be  well  ad- 
vanced. 

Treatment. — When  seen  early  these  casps  are  often  bene- 
Rted  by  the  internal  use  of  mercury  ;  in  fact,  by  this  treatment 
the  patches  will  soraetimoa  disappear.  During  the  active  stage 
of  the  disease  the  eye  should  lje  rested,  and  shaded  from  all 
bright  light.  When  the  disease  has  become  stationary,  and 
the  patches  are  white  and  atrophic,  nothing  can  be  done  ;  but 
should  the  vision  eoutiane  to  decrease,  or  fresh  failiu-ps  occur, 
the  eyes  should  still  be  protected  and  re8ted,and  s  long  course 
of  mercury  and  iodide  of  ]iotassiuiii  j;iven  internally. 

Central  choroiditis  only  differs  from  the  disseminated  forms 
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I'in  its  clinical  features.      In  this  affection  the  inflammatory 

[  lesion  is  limited  to  the  yellow  Bpot  region  of  the  fundus.     As 

in  the  former  case,  we  have   first   the  exudation   of  plastic 

matter  in  the  region  of  the  lamina  vitrea,  giving  a  yellowis^i- 

I   white  appearance  ;  next  there  is  proliferation  and  absorption  of 

,    the  central  portions  of  the  pigment  of  the  uveal  tract,  giving 

[   a  white  api»arance  to  the  centre  of  the  patch,  with  masses  of 

[   pigment  scattered  irregularly  around  its  edges.     Finally,  re- 

BbBorjition  of  the  esiidation,  with  destruction  of  the  proper 

tissue  of  the  choroid,  and  of  the  outer  granules,  and  the  rods 

L   and  cones  of  the  retina. 

Thf.  symptovia  of  central  choroiditis  are  peculiar  from  the 
first.     In  addition  to  the  exudative  or  atrophic  patch  at  the 
[   yellow  spot  which  may  be  seen  with  the  ophthalmoscope,  we 
I   find  the  patient  at  first  complaining  that  objects  seem  to  be 
contorted.     Not  unfreqnently  they  appear  to  be   diminished 
(micropsia)  and  distorted  ;  this  is  more  especially  marked  when 
I   the  accommodation  is  jjarnlysed,  and  when   one  eye  only  is 
I  aflfected.     The  micropsia  and  distortion  are  caused  by  the  dis- 
I  placement  of  the  cones  ;  if  these  are  pressed  asunder  by  inflam- 
matory efliision,  a  retinal  image  covers  fewer  cones  than   if 
these  were  in  their  normal  jiosition,  hence  an  object  appears 
smaller.     Unless  the  case  is  quickly  and  j)roperly  treated,  the 
central  vision  undergoes  rapid  derangement.     The  jiatient  sees 
a  grey  patch  u]K>n  the  book  or  work  before  him  which  moves 
alvmt  as  he  moves  the  eye;  this  ]iatch  becomes  darker  and 
darker,  until  finnlly  all  central  vision  is  lost.    The  scotoma  will 
of  oourse  vary  with  the  extent  of  the  area  of  atrophy  in  liie 
choroid,  hilt  the  patient  will  be  quite  unable  to  read  !>mall  type, 
and  can  only  make  out  large  objects  by  so  deviating  the  eyes 
that  images  may  till  upon  the  i»eripheral  parts  of  the  retina. 
The  causes  and  treatment  are  the  same  as  for  disseialDated 
choroiditis. 

Myopic  Crescent  is  an  atrophied  condition  of  the  choroid  at 
the  posterior  pole  of  the  eye.  It  is  similar  in  microscopic 
,  oltaracter  to  the  atrophied  patches  already  described  in  choroid- 
Litig  disseniiniitA,  but  appears  to  have  little  or  no  cicatrical 
ItiMUe.  It  is  sometimes  congenital;  its  occurrence  is  common 
Mn  myopia,  more  especially  in  cases  of  high  degree.     Occasion- 
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ally  it  occurs  in  emmetropic,  and  even  in  hjjierme tropic,  eyea. 
It  usually  apiwars  in  the  form  of  a  crescent  situated  at  the  outer 
side  of  the  optic  disc ;  th«-  concavity  of  the  crescent  coinciding 
with  the  edge  of  the  disc,  whilst  its  convexity  projects  towards 
the  yellow  spot  (see  fig.  1,  on  tlie  opposite  page).  It  varies  in 
size,  from  a  very  narrow  rim  to  an  area  equal  to  several  times  that 
of  the  optic  disc,  round  which  it  occasionally  forms  a  complete 
ring.  When  there  is  bulging  backwards  of  the  sclerotic  at  the 
l)09terior  pole  of  the  eye  in  addition  to  the  atrophy  of  the 
choroid,  the  term  poiterior  staphyloma  is  used.  This  is  the 
result  of  posterior  scierutico-chorouiitis.  Sometimes  it  remains 
(juite  stationary,  but  it  is  frequently  progressive.  In  the  latter 
case  the  bulging  backwards  at  the  posterior  pole  goes  on  in- 
creasing, aa  well  as  the  inflammatory  change  in  the  choroid  at 
t!ie  outer  edge  of  the  crescent.  We  can  often  see  the  effects 
of  successive  outbreaks  of  the  disease  by  the  appearance  of  the 
staphyloma,  which  then  presents  several  secondary  crescentic 
edges,  each  being  less  white  tlian  the  first. 

The  subjects  of  these  changes  at  the  jmsterior  pole  of  the 
eye  are  sometimes  able  to  see  very  well  when  the  pro])er  cor- 
recting glass  is  used.  When,  however,  there  is  a  posterior 
staphyloma,  and  especially  when  this  is  progressive,  the  vision 
is  almost  invariably  diminished  to  a  great  estent.  When  the 
yellow  si>ot  is  actually  involved,  we  of  course  find  that  all  cen- 
tral vision  is  lost.  The  patient  can  then  only  see  large  objects, 
and  to  effect  this  he  is  obliged  to  rotate  the  head  or  the  eyes 
to  one  side,  so  that  rays  from  the  object  may  fall  on  the  i>eri- 
pherul  parts  of  the  retina.  During  the  course  of  a  progressive 
posterior  staphyloma,  which  is  usually  very  slow,  it  is  not  un- 
common to  find  hy|»nemia  of  the  papilla,  and  even  small 
hieinorrhagps  at  the  edge  of  the  staphyloma. 

The  treatrntJit  of  myopic  crescent  and  progressive  posterior 
staphyloma  will  be  considered  in  the  chapter  devoted  to  the 
Bubj^t  of  Re/niction. 

Taberole  of  the  choroid  occupies  the  region  of  the  chorio- 
cnpillaris  and  the  vascular  layer,  and  is  quite  behind  the  uvea. 
It  is  most  commonly  found  in  cases  of  acute  miliary  tuber- 
culosis, but  it  may  be  present  in  all  forms  and  stages  of 
tubercular  disease. 
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When  seen  with  the  ophthalmoscope,  it  appears  as  a  greyish 
hemispherieal  eminence,  varying  from  one  to  three  milUmfetrea 
in  diameter.  One  or  several  of  these  first  appear  in  the  yellow 
spot  region,  and  are  afterwards  followed  by  othere  in  the  sur- 
rounding neighbourhood.  The  youngest  tubercles  are  very 
small ;  the  oldest  are  the  largest,  and  are  somewhat  white  at 
the  centre.  They  are  distinguished  from  patches  of  choroidal 
atrophy  in  being  more  clearly  defined,  less  brilliantly  white, 
and  in  presenting  no  pigment  masses  around  the  edges. 

In  cases  of  acute  tubercular  disease  where  there  are  typhoid 
symptoms,  and  in  tubercular  meningitis  where  the  diagnosis  is 
not  always  easy,  the  detection  of  tubercles  of  the  choroid  is  of 
great  assistance  in  clearing  up  the  case,  although  the  absence 
of  choroidal  tubercle  does  not  prove  the  absence  of  tubercular 
disease  in  other  organs. 

Rapture  of  the  choroid  is  always  the  result  of  external 
violence,  such  as  a  blow,  a  kick,  or  a  fall,  in  which  the  eye  is 
struck  with  great  force,  causing  sudden  change  of  form.  The 
accident  is  usually  followed  by  hfemorrhage  into  the  vicinity  of 
the  wound,  causing  opacity  of  the  vitreous.  This  at  first  pre- 
vents the  choroidal  lesion  from  being  seen  with  the  ophthal- 
moscope ;  after  a  few  day?,  however,  as  the  blood  becomes  ab- 
sorbed, we  can  see  a  whitish  line  in  the  fundus,  immediately 
opposite  to  that  part  of  the  globe  which  received  the  blow. 
There  is  usually  a  little  blood  clinging  to  the  edges  of  the  rui>- 
turc  for  some  time  after  the  latter  is  visible,  but  finally  the  rupture 
appears  as  a  permanent  white  or  yellowish -white  line,  which  is 
usually  curved  in  a  direction  concentric  with  the  edge  of  disc, 
Imi  occasionally  it  nms  oblirjuely.  Fig.  2,  opposite  p.  186, 
shows  a  drawing  which  I  made  from  a  boy  jet.  14,  who  had 
received  a  blow  on  his  eye  from  a  slick. 

Sympftthetio  Irritatioa  and  STmpathetio  Ophthalmitii. 

These  terms  are  applied  to  certain  affections  which  are  set 
np  in  one  eye  in  conseqiience  of  some  organic  lesions  of  its 
fellow  on  the  O])j>o8itp  side.  The  eye  which  is  first  affected  is 
usually  spoken  of  as  the  exciting  eye,  whilst  the  second  is  called 
the  eipnpaihisin^j  rye. 

In  tiw  exciting  eye  there  is  almost  always  a  history  of  an 
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iujury  at  some  time  or  other.  In  the  majority  of  cases  this 
has  been  a  penetrating,  incised,  lacerated,  or  contused  wound  of 
the  ciliary  region.  It  sometimes  happens  that  the  wound  pro- 
duced by  a  blow  is  subconjunctival,  and  so  may  escape  the 
notice  of  the  surgeon. 

The  presence  of  a  foreign  body  lodged  within  any  part  of 
the  globe,  snch  as  a  shot  or  a  chip  of  metal,  is,  if  not  removed, 
very  likely  to  cause  disorganisation  of  the  injured  eye  and  a 
very  probable  forerunner  of  sympathetic  trouble  in  the  other. 

Wounds  of  the  cornea  which  do  not  extend  to  the  ciliary 
region,  have  of  themselves  little  tendency  to  set  up  sympathetic 
inflammation ;  hut  should  they  be  attended  by  dislocation  of 
the  crystalline  lens,  or  by  the  formation  of  anterior  synechia) 
these  lesions  are  very  liable  to  produce  it. 

In  the  case  of  spontaneous  inflammation  of  one  eye,  fol- 
lowed by  similar  symptoma  in  the  oiher— as,  for  example, 
chronic  irido-choroiditis,  ciliary  staphyloma,  glaucoma,  &c. — 
it  is  difficult  or  impossible  to  prove  that  the  affection  of  the 
second  eye  is  due  to  an  extension  of  the  disease  from  the  first, 
and  not  to  a  common  cause.  An  eye,  however,  which  is 
shrunken  and  disorganised  is  very  liable  to  take  on  an  in- 
flammatory condition  which  may  cause  irritative  symptoms  in 
its  fellow,  and  such  an  eye  should  therefore  always  be  regarded 
with  suspicion,  especially  when  the  other  eye  is  in  any  way 
initable,  or  inflamed  withoiit  apiMirent  cause. 

ConditioR  of  the  ezcitin;  eye. — In  the  majority  of  cases 
where  a  wound  of  the  ciliary  region  is  followed  by  such  a  con- 
dition as  to  set  up  sympathetic  inflammation,  we  find  the 
presence  of  plaatie  inflammation  of  ihe  iris,  the  ciliary  body, 
and  the  choroid  (irido-cyclo-cboroiditis).  During  the  first 
week  after  the  infliction  of  the  wound  a  violent  reaction  ia 
set  up,  in  which  there  is  intense  pain,  in  the  eye,  orbit,  and 
the  surrounding  temporal,  frontal,  and  malar  regions.  There 
is  marked  eonge«tiou  of  the  circumcorneal  sone  of  veasels,  and 
the  ciliary  region  is  tender  when  digital  pressure  is  mode 
thmugh  the  closed  eyelids.  There  is  great  intolerance  of  light 
and  overflowing  of  tears.  The  vision  is  much  impaired.  These 
symptoms  are  succeeded  by  those  of  chronic  irido-cyclitis, 
The  iris  becomes  extensively  adherent  to  the  cnpsule  of  the 
Jena,  it  is  changed  in  coloiir,  and  ihe  pujiil  may  be  occluded 
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^^P  with  orgauised  lymph.  The  vitreous,  when  the  pupil  is  not 
^^H  occluded,  is  found  to  be  so  hazy,  and  crowded  with  opacities, 
^^V  aA  to  prevent  the  retina  and  choroid  from  being  seen  with 
^^H  tJie  opbthnlinoscope.  If  the  leus  has  been  wounded  in  the 
^^^  accident,  it  of  course  becomes  swollen  and  opaque.  Upon 
^^m  section  and  microscopic  examination  of  an  eye  in  this  con- 
^^1  dition  of  traumatic  irido-cyclitls,  from  five  to  ten  days  after  the 
^^1  jjifiietion  of  the  wound,  we  find  evidence  of  severe  plastic 
^^H  iuflaramatjon  in  the  iris,  ciliary  body,  and  choroid.  The  iris 
^^M  is  thickened  by  infiltration  with  lymphoid  cells,  which  are 
^^H  arranged  in  clusters.  These  lirst  appear  in  the  middle  stratn, 
^^H  and  then  coalesce,  and  extend  to  all  the  tissue  of  the  iris.  The 
^^H  blood-vessels  appear  to  be  blocked  by  white  corpuscles,  and 
^^B  their  walls  are  thick  and  translucent.  The  pigment  layer  at 
^^H  the  back  of  the  iris  is  altered  in  appearance,  its  cells  havini; 
^^V  undergone  proliferation,  it  is  less  dark  in  colour,  and  there  is  a 
^^M  thick  deposit  of  lymphoid  celU  on  its  posterior  surface.  Ths 
^^1  ciliAiy  body  is  similarly  affectcil.  Clusters  of  cells  first  appear 
^^1  on  the  inner  surface  of  the  ciliary  muscle ;  these  increase 
^^B  and  coalesce  until  they  occupy  the  entire  [lart  between  the 
^^K  inu«cle  and  the  pigment  layer.  The  pigment  layer  again 
^^H  is  much  altered,  and  only  appears  as  an  Irregularly  scattered 
^^H  line  in  the  midst  of  lymphoid  cells.  The  fibres  of  the  ciliary 
^^H  muscle  are  not  much  infiltrated.  The  pars  ctliaris  retins  is 
^^H  but  little  altered,  except  that  it  is  se]>arated  from  the  basement 
^^1  membrane  by  exudation.  The  choroid  also  shows  clusters  of 
^^H  leucoci,'t«s,  first  appearing  in  the  middle  or  vascular  layer,  which 
^^H  multiply,  coalesce,  and  finally  occupy  its  whole  extent.  Its 
^^H  tbicknesH  may  be  increased  eight  or  t«n  times.  The  blood- 
^^*  vesselc  are  blocked  with  leucocytes,  and  are  ultimately  de- 
stroyed. The  pigment  layer  ia  not  affected,  lu  the  lymph 
■paces  around  the  blood-vessels  of  the  retina,  clusters  of  lym- 
phoid cells  ore  also  sometimes  seen.  Similar  cells  are  also 
found  in  the  intersheath  apace,  and  around  the  vessels  of  the 
optic  nerve. 

I  Septic  bacteria  can  often  be  found  in  eyes  which  have  been 
enuclentiHl.  Snellen  has  traced  these  along  the  optic  nerve 
iheath,  and  believes  that  they  are  concerned  in  the  production 
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In  some  cases  the  activp  inflammatory  changea  in  the 
exciting  eve  aa  above  liescribed  are  much  less  innrked. 

BymptODU  and  pathology  of  the  sjmpathisuig  eye. — It  i<i 
important  to  distinguish  between  irrifaiioji  and  ■in^mmatiott 
of  this  eye. 

By  tympatlietic  irritation  is  meant  a  functional  derange- 
ment only.  It  is  characterised  by  intolerance  of  light,  lachry- 
mation,  and  inability  to  use  the  eye  for  reading  or  work  for 
more  than  a  short  period  without  a  sense  of  fatigne.  Tlie 
vision  may  be  normal,  but  is  sometimes  impaired.  There  are 
sometimea  temporary  sensations  of  darkness  (obscurations) 
which  last  for  several  seconds.  There  may  be  considerable 
neuralgic  pains  in  and  around  the  eye.  No  physical  signs  of 
inflammation  can  be  detected,  either  with  the  oblique  focal 
illumination  or  with  tlie  ophthalmoscope.  Sympathetic  irrita- 
tion frequently  precedes  iaflammation,  but  it  may  exist  for 
weeks,  mouths,  or  even  years  before  the  inflammation  of  the 
eye  supervenes.  It  is  not  a  necessary  forerunner  of  symiia- 
thetic  inflammation,  inasmuch  as  the  latter  often  comes  on 
without  any  symptom  of  irritation  ;  on  the  other  hand,  it  often 
subsides  and  is  not  followed  by  sympathetic  inflammation. 
The  escision  of  the  exciting  eye  usually  causes  speedy  remo\'al 
of  the  symptoms  of  irritation. 

Sympatiietio  ophthalmitu  may,  as  we  have  just  seen,  lie 
ushered  in  by  irritation,  but  it  may  come  on  in  the  most 
insidious  manner,  without  pain,  photophobia,  or  lachrymation  ; 
it  usually  commences  as  a  Beroua  irift's,  the  inflammation  thence 
e3ct*?nding  to  the  ciliary  body,  and  the  choroid.  Ttie  syniptoina 
of  this  early  stage  are  easily  overlooked,  but  when  carefully  exa- 
mined the  pupil  is  found  to  be  sluggish,  the  vision  more  or  lest 
impaired,  the  vitreous  hazy  so  as  to  prevent  a  clear  view  of  the 
retina  and  choroid.  Heating  opacities  of  the  vitreous  ara 
often  present.  Dots  of  opacity  on  the  back  of  the  cornea  can 
usually  be  seen  as  soon  as  this  disease  has  fully  sot  in.  These 
are  sometimes  extremely  minute,  and  then  can  only  be  seen 
by  using  a  magnifying  lens  vfith  the  oblique  focal  illnmiunlion 
(p.  70).  ITie  dots  are  either  scattered  irregularly  over  the 
surface,  or  they  assume  a  triangular  arrangement,  the  apex  of 
which  is  opposite  to  the  pupil,  and  the  base  cither  below  or  on 
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One  siiJe.  Tliis  serous  inflammatiun  may  conlinue  as  such 
throughout  the  whole  course  of  the  disease,  or  it  m&y  at  any 
time  assume  the  more  severe  plastic  form.  In  the  majority 
of  oases  of  long-staoding  sympat^lietic  disease,  we  6nd  both  the 
clinical  and  anatomical  characters  of  severe  plastic  injfavimu- 
tion  of  the  whole  ureal  tract.  The  iris  looks  thick  and  fleshy, 
tind  is  changed  to  a  buff  or  brownish-yellow  colour.  Its  blood- 
veitsels  become  large  and  visible.  The  pupil  may  be  blocked 
by  lymph.  The  vitreous,  when  visible,  is  found  to  be  hazy, 
'Wid  to  contain  floating  opacities.  The  zone  of  vessels  around 
tbe  cornea  is  intensely  congested.  There  is  sometimes  intense 
neuralgic  pain  in  the  regions  supplied  by  the  fifth  nerve. 

Tile  intervai  "/  time  between  the  injury  of  the  exciting  eye 
Kncl  the  onset  of  inflammation  in  the  sympathising  eye  is  very 
variable.  It  is  seldom  less  than  three  weeks.  Tbe  ushhI 
period  is  from  eight  to  twelve  weeks,  hut  cases  not  unfre- 
qaently  occnr  after  a  much  longer  period,  even  many  years 
from  the  date  of  the  originnl  injury  or  disease. 

The  mode  of  production  of  sym]iathetic  disease  has  yet 
to  be  explained.  The  oldest  theory,  which  goes  by  the  name 
of  Mackenzie's,  is  that  the  inflammation  spreads  to  the  sym- 
pathising eye  along  the  optic  nerve  and  chiasma.  More  re- 
«enlly  it  has  been  held  tliat  the  ciliary  nerves  formed  the  con- 
ducting paths,  the  inflammation  being  conveyed  to  a  centre  of 
the  ciliary  nerves  of  llie  injured  eye,  and  thence  reflected  down 
tbe  ciliary  nerves  of  the  other  eye,  or  else  that  the  vaso-motor 
centre  was  acted  upon  in  such  a  way  as  to  interfere  with  the 
Bntrition  of  the  other  eye.  Patbologicjil  proof  in  eupport  of 
tliis  theory  is  wanting ;  the  material,  however,  is  not  plentiful, 
•od  it  would  be  easy  to  overlook  morbid  changes  in  nerves 
■0  minute  and  numerous  as  are  the  ciliary  nerves.  A  more 
iponerful  argument  against  the  reflex  production  of  sym|>.-i- 
thelic  ophtbalmitJs  lies  in  the  fact  that  true  inSammation  has 
never  been  produced  esperimentally  by  irritation  of  a  nerve. 

Recent  observations  and  experiments  have  proved  that  the 
a\mse  between  the  dural  and  ptal  sheaths  of  the  optic  nerve, 
and  the  lymph  fiheathf  surrounding  the  arteries  of  the  retina 
and  of  the  optic  n'-rvr,  are  often  occupied  by  a  number  of 
][]rmphoid  celU,  similar  in  nature  to  those  which  are  so  abun- 
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(laiit  in  the  uveal  tracts  of  the  eyes  affected.  Tliis  fact  has 
led  to  the  theory  that  it  is  along  these  lymphatic  spaces  that 
the  morbid  process  extends  to  the  second  eye ;  the  chain  of 
evidence  is,  however,  incomplete,  for  it  has  not  been  proved 
that  the  chiasma  is  affected ;  while  the  fact  that  in  some  of  the 
c.'tses  examined  the  changes  have  become  less  marked  in  each 
ii^rve  as  the  chiasma  was  approached,  renders  it  quite  possible 
that  the  change  observed  indicated  a  morbid  process  extending 
backwards  from  each  eye.  The  known  facts  about  the  occm-- 
rence  of  sympathetic  ophthalmitis  are  hardly  yet  sufficient 
to  establish  a  theory  as  to  its  mode  of  transmission ;  before 
this  can  be  done  more  data  must  be  collected  as  to  the  essential 
nature  of  the  injury  which  gives  rise  to  it,  (he  shortest  inten-al 
that  can  elapse  between  the  receipt  of  the  injury  and  the 
ap[)earance  of  symptoms  in  the  other  eye,  and,  above  all,  as  to 
the  exact  nature  of  the  morbid  changes  in  all  the  possible 
paths  in  both  eyes. 

Prevention  and  Treatment. — The  exciting  eye  should  lie 
carefully  treated,  and  every  effort  made  to  allay  inflammation 
in  this,  as  well  as  to  )>revent  irritation  or  inflammation  in  that 
of  the  opposite  side.  The  juitient  must  be  warned  of  the 
]x>ssible  danger  to  the  opposite  eye,  which  should  be  shaded 
1mm  light,  and  kept  at  rest,  not  only  during  the  attack,  but 
for  several  weeks  aft«r  the  infiammation  of  the  exciliugeye  has 
apparently  subsided. 

When  the  exciting  eye  is  evidently  rendered  useless,  either 
by  the  wound  or  by  the  consequent  inflammation,  that  is^ 
when  its  vision  has  quite  gone,  or  only  amounts  to  ])erception 
of  light,  and  when  there  is  no  probability  that  its  sight  will 
improve,  it  should  be  immediately  -excised.  The  necessity 
for  its  immediate  removal  ia  still  more  urgent  when  it  is 
giving  rise  to  irritation  or  to  inflammation  in  the  opposite  eye. 

When  tilt  exciting  eye,  although  d'lvuu/ed,  is  still  in  the 
possession  of  useful  vision,  or  if  there  is  hope  of  such  being 
restored  to  it,  the  question  as  to  whether  it  should  be  removed 
or  not  becomes  most  difficult  to  decide. 

If  the  sympathising  eye  is  only  suffering  from  irritation,  and 
presents  no  syui]itom  of  iutlammation,  the  removal  of  the 
exciting  eye  in  usually  attended  by  immediate  relief  of  the 
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}  irritation,  and  no  symptoms   of  inflammation   ai-e   likely    to 

I  appeur ;  whilst,  as  we  have  just  seen,  the  danger  of  inflamma- 
tion is  very  great  if  the  eye  is  not  removed.  It  therefore 
becomes  a  most  important  and  urgent  matter  to  decide 
whether  it  is  not  better  to  sustain  the  loss  of  the  eye  which 
is  already  partially  disabled,  than  to  incur  the  risk  of  loss  of 
sight  to  the  gympathising  eye.  Careful  consideration  of  the 
bearings  of  the  case  is  necessary  in  accidents  of  this  kind, 
vrhich  in  practice  are  liable  too«:ur  at  any  moment.  A  decision 
haxnng  been  arrived  at,  the  patient  and  his  friends  should  be 
clearly  and  forcibly  warned  of  the  danger  to  which  the  aymjia- 
thising  eye  is  exposed  by  further  retention  of  the  injured  eye. 

If  sympathetic  inflammation  has  already  commenced  in  the 
Fpcond  eye,  although  it  may  only  be  of  the  serous  tyjje,  then  the 
exciting  eye  should  be  preserved ;  its  removal  at  this  late  periofl 
is  not  likely  to  stop  the  disease  in  the  other  eye;  in  fact,  the 
sympathising  eye  may  become  so  affected  by  the  progress  of  the 

I  diiiease  that  the  eseiting  eye  may  idtimately  prove  U>  possess 
the  better  vision  of  the  two.     When  it  is  decided  to  preserve 

'  the  exciting  eye,  this  should  be  carefully  treated  in  the  manner 
recommended  for  plastic  iritis,  light  being  carefully  excluded 

I  from  both  eyes. 

The  aympathieing  eye  must  be  treated  in  the  same  way  as  a 
9C  of  severe  plastic  iritis  (p.  128),  that  is,  with  complete  rerf, 
exclusion  of  light,  the  alternate  application  of  moist  and  diy 
warmth,  atropine,  and  leeche*,  if  necessary.  In  no  case,  how- 
ever, must  any  operative  interference,  as  iridectomy,  be  at- 
tempted, as  the  a[ierture  caused  by   tlie  excision  of  the  iris 

>  would  immediately  become  tilled  up  by  the  same  exudation  as 
bas  been  thrown  out  elsewhere-  Tonics  are  to  be  adminititerett 
internally.  Mercurials  are  given  by  some  surgeons ;  but  unless 

j  «on8titational  syphilis  is  suspected,  1  should   hesitate   before 

\  Adopting  this  treatment. 

Operative  b-etilmeid  of  either  the   exciting  or  the   ayra- 

[  pathising  eye  must  not  be  commenced  until  all  inflammatory 

1  trymptoms  have  eotitely  pai^sed  away. 

The  condition  of  the  sympathising  eye  after  the  inflamma- 
tion has  subsided  is  generally  ven,'  bad.  In  the  mildest  cases 
there  are  usually  extenuve  posterior  synechia?,  but  the  pupil 
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mny  remain  sufficiently  clear  to  allow  of  some  useful  vi*ion. 
The  fixed  position  of  the  iris,  however,  is  likely  to  lead  to  future 
inflammittory  trouble  in  the  eye,  the  risk  of  which  would  be 
dimiDished  by  the  removal  of  a.  portion  of  the  adherent  iris  by 
the  operation  of  iridectomy  upwards.  In  other  canes,  the  layer 
of  plastic  esudation  between  the  iris  and  the  lens  capsule  is 
more  excessive,  and  extends  to  the  area  of  the  pupil,  which  is 
quite  occluded. 

The  crystalline  lene  also  is  frequently  involved,  and  is  found 
to  be  more  or  less  opaque.  Here,  of  coiurse,t  lie  vision  is  greatly 
impaired  and  may  amount  to  i>ereeption  of  light  only.  An 
attempt  to  restore  the  sight  may  be  commenced  by  the  per- 
formance of  iridectomy  in  the  upward  direction.  The  operation 
is  by  no  means  easy  to  perform,  owing  to  the  toughness  of  the 
adhesions  and  the  rottenness  of  the  iiis  tissue.  If  an  artificial 
pupil  can  be  thus  made,  and  the  lens  substance  is  found  to  he 
transparent,  no  further  proceeding  is  at  present  necessary. 
Should  the  lens  be  found  to  be  opaque,  an  attempt  must  be  made 
t  J  extract  it  through  the  wound  already  made  for  the  iridectomy. 
Its  removal  is  usually  attended  with  difficulty,  owing  to  the  ex- 
tensive iritie  adhesions.  These  may  sometimes  be  more  or  less 
detached  by  means  of  a  Streatfeild's  hook ;  and  even  then  it  ts 
usually  necessary  to  use  the  scoop  in  order  to  get  the  lens 
away  from  its  incarcerated  capsule.  After  the  recovery  from 
the  iridectomy  or  the  extraction  of  the  lens,  the  vision  may 
sometimes  be  still  more  improved  by  iridotoDiy  (see  p.  162). 

Tnmoon  of  the  Tonica  Tauulosa. — Gumma  occasionally 
occurs  diu-ing  the  secondary  stnge  of  constitutional  syphilis, 
It  may  attack  either  portion  of  the  tunica  vasculosa,  and  it  maj 
be  single  or  multiple. 

Onnuna  of  the  irii  appears  in  the  form  of  one  or  several 
nodules,  which  may  be  clearly  seen  through  the  cornea.  The 
inflammatory  deposit  first  commences  in  the  connective  tissue 
of  the  middle  strata  of  the  iris  and  causes  a  slight  change  of 
colour  only;  the  swelling  gradually  increases  until  there  is 
distinct  bulging  of  the  anterior  surface.  In  light-coloiuwi  eyes 
these  little  heraisphericnl  elevations  are  of  a  reddish-yellow 
colour;  in  dark  ones  they  are  more  of  a  tau  colour.  Their 
diameter  varies  from  1  to  6  mm,    When  suiaU,  theymay,under 
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r  treatment,  iwcome  absorbed  and  di.wpp°ar;  when  large, 
lujtpurate, 


1  the  tis 


H  of  the  iris. 


hy[K)pyon,   and   permanent 


Ul'mmata  of  the  oiliaxy  body  and  of  the  choroid  also  occur, 
but  their  presence  is  usually  attended  by  a  hazy  condition  of 
the  vitreous  humour,  which  renders  their  diagnosis  more  diffi- 
cult than  guninia  of  the  iris.  The  connective  tissue  of  the 
midille  pait  uf  both  structures  is  first  affected. 

Miliuy  tubercle  is  sometimes  seen  in  the  iris  and  in  the 
.choroid.  Toberole  of  the  iri*  occurs  less  frequently  than  gumma, 
"  lit  uhen  present  it  occupies  a  similar  position  and  presents  h 

ilar  appearance  to  that  affection,  so  much  so  that  it  is  only 

the  collateral  symptoms  of  the  presence  of  constitutional 

ihiiis,  or  tuberculosiM,  thai  a  diagnosis  cau  be  correctly 
brrived  at. 

Tubercle  of  the  choroid  has  been  already  described  (see 
p.  U2]. 

Sarcoma  mostly  attacks  the  choroid  or  the  ciliary  body;  it 
hardly  ever  occurs  primarily  in  the  iris. 

Sarcoma  of  the  choroid  and  ciliary  body  nsually  commences 
in  a  manner  so  insidious  as  to  be  unnoticed  even  by  the  patient 
.tintil  the  tumour  has  attained  a  considerable  magnitude ;  even 
ihen  it  is  eometinies  discovered   accidentally  by  the  pjitient 

ing   one   eye  and  finding  the  vision  of  the  affected  eye 

Itminished.     Sometimes,  however,  the  growth  of  sarcoma  is 

!om{ianied  by  local  pains,  Hashings  of  light,  &q.     It  usually 

UTS  during  middle  life  or  old  age,  being  seldom  seen  before 

age  of  thirty-five. 

Symptoms. — When  seen  at  an  early  atage,  there  may  be 

hing  in  the  exterior  of  the  eye  to  attract  notice. 

In  addition  to  the  dimness  of  sight  which  may  have  first 
nmrti  the  patient  to  apply  for  advice,  we  find  that  the  visual 
Id  is  deficient  in  some  parts,  and  when  it  is  examined  by 
means  of  the  perimeter,  presents  a  scotoma  corresponding  to 
the  frosition  of  the  tumour.  With  the  ophthalmoscope  an  out- 
line of  the  tumour  can  somet.iir.es  be  seen  to  form  a  rounded 
prominence,  pushing  the  retina  forwards  into  the  vitreous 
cavity.  It  is,  however,  always  a  matter  of  difficulty  to  say 
.»liether  this  is  due  to  a  sarcomatous  growth  in  the  choroid,  or 
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to  simple  detachment  from  subretinal  effusion.  When  due  to 
sarcoma,  the  detached  or  bulging  portion  of  tlie  retina  may 
retain  some  colour,  it  may  occur  at  any  part  of  the  fundus,  and 
it  does  not  flap  about  when  the  eye  is  moved.  In  simple  de- 
tachment, the  detjiched  portion  has  a  bluish-white  appearance  ; 
it  usually  occurs  at  the  lower  segment  of  the  fundus,  and 
it  may  flap  about  freely  when  the  eye  is  moved.  Occasionally 
a  vascular  network  of  the  sarcomatous  growth  cjm  be  detected 
through  the  retina. 

In  the  ttdvancfd  stage,  the  presence  of  the  tumour  ia  accom- 
IMinied  by  a  distinct  increase  of  the  tension  of  the  globe,  and 
the  eye  presents  other  symptoms  of  glaucoma.  The  anterior 
ciliary  vessels  are  congested ;  the  cornea  becomes  dull  in  ap* 
pearance  and  is  more  or  less  deprived  of  sensation.  The  anterior 
chamber  gradually  becomes  shallow  by  the  pressure  from  behind 
the  iris.  The  iris  is  sometimes  subacutely  inflamed,  and  forms 
posterior  adhesions  to  the  capsule  of  the  lens,  which  render  the 
])Upil  irregular.  Not  unfrequently  the  iris  is  atrophied,  and  it 
may  be  detached  at  that  part  of  its  periphery  which  corres]>ond8 
to  the  position  of  the  tumour.  The  vitreous  also  ia  frequently 
rendered  cloudy  by  the  presence  of  numerous  opacities.  The 
vision  has  gnulually  become  worse,  and  is  now  reduced  to  bare 
perception  of  light.  "When  the  disease  has  progressed  to  such 
an  extent  as  to  destroy  ^'igioIl,  there  is  frequently  considerable 
trouble  from  pain  in  the  ciliary  region  and  Uchrymation,  which 
are  of  a  more  severe  character  than  those  met  with  in  true 
glaucoma. 

Examination  of  the  fundus  with  the  ophtbalnioscope  is  now 
rendered  impossible  by  the  opacity  of  the  media;  and  the  in- 
creased tension  of  the  globe,  together  with  the  history  of  the 
symptoms  and  the  general  appearance  of  the  eye,  frequently 
render  it  a  matter  of  dil&culty  to  decide  whether  the  case 
be  one  uf  sarcoma  or  true  glaucoma.  So  much  is  this  the 
case  that  it  occasionally  happens  that  the  true  state  of  the 
eye  is  not  discovered  until  an  operation  for  iridectomy  has 
been  attempted,  and  is  found  to  be  accompanied  by  escape  of 
ritreons  and  by  greater  hEemorrhage  than  is  usual  in, glau- 
coma. 

Sarcoma  of  the  choroid  should  always  be  suspected  when 
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eye  that  has  been  losing  sight,  or  quite  blind  for  some  time, 
suddenly  attacked  by  pjiin,  congestion,  and  increased  tension, 
Or  even  if  the  tension  be  normal,  while  the  other  symptoms 
exist.     In  any  case  of  extensive  detachment  of  retina  occurring 
in  one  eye  only,  and  when  there  has  been  no  myopia  or  history 
of  a  blow  upon  the  eye,  we  must  be  cautious  in  prognosis. 
;oma  of  the  choroid  is  usually  more   or   less   pigmented 
lelaaotic),  and  consists  of  spindle-shaped  and  round   cells, 
h   as  are  shown  at  tig.  2,  opposite  p.  108.      These  spindle 
(lis  are  about  y'uWb  ''"^^  '°  diameter.     They  contain  a  large 
LUcleuB,  surrounded  by  a  hyaline  substance  (protoplasm),  which 
ipera  off  at  each  end.     The  tumours  are  usually  of  firm  con- 
[Btence,  they  generally  contain  some  blood-vessels,  and  soine- 
imes  are   very  vascular.      They  usually   bulge   towards   iht) 
itreous  cavity  in  the  manner  represented  in  fig.  3,  opposite 
108,  where  the  retina  is  seen  to  te  pushed  forwards  in  front 
the  tumour.     Sometimes  there  is  also  effusion  of  serum  or 
blood  beneath  the  retina.     They  may  increase  so  as  to  fill  the 
whole  globe  and  distend  its  walls  before  invading  the  extra- 
ocular tissues  of  the  orbit ;  but  in  many  cases  the  tissues  ontside 
the  sclerotic  are  affected  by  the  new  growth,  whilst  the  tumour 
within  the  globe  is  quite  small ;  in  these  cases  the  cells  pass 
to  the  outside  by  means  of  the  sheaths  of  the  blood-vessels, 
which  are  seen  to  be  thickened  and  altered  by  the  presence  of 
celts  similar  in  character  to  those  of  the  tumour. 

The  state  of  tension  of  the  globe  is  of  importance,  as  it 
helps  US  to  form  some  idea  of  the  progress  which  the  new 
growth  may  have  made.  Thus,  if  the  tension  has  steadily  in- 
creased to  -hi, +2, or  +3,  we  infer  that  the  sclerotic  coat  is  still 
unaffected.  If  tension  is  reduced  from  -f- 1,  2,  or  3  to  normal, 
.this  indicates  that  there  may  be  thinuing  of  this  tunic.  Should 
tension  be  diminished  to  —1,  —2,  or  —3,  we  know  that 
the  sclerotic  has  given  way  in  one  or  more  places,  and  so  offers 
no  further  resistance  to  the  intraocular  fluids. 

The  neighl>ouring  lymphatic  glands  are  not  affected,  but 
secondary  sarc/^ma  is  liable  to  be  set  up  in  distant  ports  of  the 
body,  the  cells  being  conducted  from  this  primary  source 
by  means  of  the  blood  current.  The  liver  is  ifae  organ  which 
is  usually  first  affected  in  this  wajr. 


( 
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The  period  of  duration  of  sarcoma  of  the  choroid  varies  from 
a  few  mcDths  to  several  years. 

The  only  iutraocular  tumour  for  which  it  might  be  mistaken 
is  that  of  glioma,  which  we  shall  see  only  occurs  in  young 
children. 

The  treatment  consists  in  the  enucleation  of  the  eye  as  soon 
as  the  disease  is  recognised. 

•  In  removing  the  eye  it  is  well  to  take  away  4  to  5  mm. 
of  the  optic  nerve,  and  to  examine  the  cut  end  of  this  after 
removal.  If  it  should  be  found  to  be  pigmented  or  thickened, 
as  much  of  the  remaining  nerve  as  possible  should  be  removed, 
as  well  as  any  other  tissues  that  may  be  considered  to  be 
attacked  by  the  new  growth.  Besides  this  remoral  with  the 
scissors  or  knife,  the  treatment  of  the  orbital  contents  by  means 
of  chloride  of  zinc  paste  should  be  rigorously  carried  out,  aa 
the  only  possible  means  of  saving  the  life  of  the  patient. 

Congenital  Affections  of  the  Tonica  Vaiculoia. 

Iridaremia,  or  congeiiitiil  iibscnce  of  the  iris,  is  occasionslty 
met  with.  Sometimes  the  iris  is  not  altogether  absent,  but  is 
only  represented  bv  a  mere  rudimentary  band  of  tissue,  oooupy- 
ing  the  periphery  of  the  anterior  chamber.  This  affection  is 
often  accompanied  by  other  defects  of  the  eye,  such  as  partial 
dislocation  of  the  lens,  cataract,  nystagmus,  and  imperfect  power 
of  accommodation. 

Coloboma  iridic  consists  in  a  congenital  cleft  in  the  iris. 
It  is  usually  directed  downwards,  or  downwards  and  slightly 
inwards,  and  may  easily  be  niistjiken  for  the  gap  which  is  made 
by  iridectomy.  It  varies  in  extent,  and  sometimes  occurs  in  both 
eyes.     It  is  gencnilly  ncccimpanifd  by  cololmniu  of  the  choroid. 

Penittent  remains  of  the  papillary  membrane  are  sometimes 
found.  This  membrane  is  a  foetal  ^Iructure,  which  closes  the 
Hpertm^  of  the  pupil.  Normally  it  disappears  before  birth. 
When  persistent,  it  appears  as  one  or  more  very  slender 
threads  extending  across  the  pupil,  and  attached  to  the  aa- 
ti-rior  surface  of  the  iris.  It  can  be  beat  seen  by  the  oblique 
focal  illumination. 

Coloboma  of  tbe  choroid  is  a  congenital  deformity,  which 
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tt«  in  the  abaenee  of  a  more  or  lees  c6nsiderable  portion 
f  this  part  of  the  tuDica  vasculosa  at  the  lower  and  internal 
Mirt  of  the  globe.  When  examined  hy  means  of  the  ophthal- 
pno»cope,  it  appears  of  a  bluish-white  colour;  a  few  small 
pessels  are  seen  scattered  over  ita  area,  and  masses  of  pigment, 
^varying  in  quantity,  are  sometimefl  present.  The  surface  of 
the  sclerotic  often  appears  very  irregular.  The  extent  of  the 
coloboma  is  variable  ;  it  naually  extends  from  the  edge  of  the 
optic  disc  nearly  aa  far  as  the  ciliary  body.  It  may  embrace 
the  optic  disc,  in  which  case  the  latter  is  changed  in  appear- 
ance, and  looks  as  if  it  were  hyperffmic  by  contrast  with  the 
white  area  round  it.     It  may  occur  in  the  yellow  spot  region  ; 

fis  often  accompanied  by  a  coloboma  of  the  iris.  Occasionally 
occurs  in  both  eyes,  but  when  imilateral  the  left  eye  is  most 
mmonly  affected.  There  is  of  course  a  large  scotoma  in  the 
lual  field,  corresponding  to  the  extent  of  the  coloboma,  but 
hcrwise  the  sight  in  some  cases  is  fairly  good. 
I 


Operation!  on  the  Irii. 


Iridectomy  consists  in  the  excision  of  a  jwrtion  of  the  iris. 

This  oi>eration,  as  is  mentioned  under  the  different  headings, 

h  frequently  performed   in  various  affections  of  the  eye;   it 

forms  the  preliminary  stage  of  some  of  the  operations  fur  the 

Lnttrttction  of  cataract ;  it  constitutes  a  prominent  feature  in  the 

|trent  tnent  of  glaucoma  ;  it  is  occasionally  resorted  to  in  purulent 

t  infiltration,  and  in  certain  forms  of  ulcer  of  the  cornea;   it 

is   adopted,   with   great   benefit,   in   many   cases   of  chronic, 

recurrent,  and  serous  iritis,  of  jrido-ohoroiditis,  and  of  anterior 

Btaphylomn. 

Iridectomy  is  also  resorted  to  in  the  majority  of  cases  where 
an  artificial  pupil  is  required  for  optical  pur]x>ses,  as  in  central 
ojocities  of  the  cornea,  which  so  cover  up  the  front  of  the 
pupil,  and  so  prevent  vision.  Also  in  some  forms  of  cataract, 
a»  the  lamellar  and  the  anterior  pyramidal,  which,  having  be- 
come stationary,  are  still  sufficiently  clear  at  the  perijihenil 
zone  to  admit  of  distinct  vision)  after  an  artificial  pupil  has 
been  made. 

Tlie  instruments  required  for  iridectomy  are:  (1)  speculum. 
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fig.  31  ;  (2)  fixation  forceps,  fig.  32;  (3)  either  a  bent  trian- 
gular keratome,  fig.  41,  or  Graefe's  cataract  knife,  fig.  42  ;  (4) 


2 


Fig.  41. 
Bent  Triangular  Keratome. 


Ylii.  42.  -Graefe's 
Cataract  Knife. 


m 

a 


KiG.  43. 
Iris  Forceps. 


a  pair  of  straight  or  curved  iris  forceps,  fig.  43 ;  (5)  a  pair  of 
iris  scissors,  figs.  44  or  45. 


miDECTOMr. 


The  opentioa  varies  in  detail  according  to  the  object  vilK 
which  it  is  performed.  It  is  divided  into  two  stages  ;  the  first 
stage  consists  in  opening  the  anterior  chamber  hy  an  incision  of 
the  sclerotic  or  the  sclero-comeal  junction,  the  second  in  seiz- 
ing, drawing  out,  and  excising  the  portion   of  iris  to  be  re- 


¥Hi.  45.— r>e  Wccki 


moved.      When  the  operation   is   intended   for  the   relief  of 

glaucoma,  or  for  the  puqtose  of  subduing  or  preventing  in- 

I  flammatory  affections,  the  iridectomy  should   be  made  in  the 

upward  direction,  so  that  the  gap  ihu^  formed  in  the  iris  mbnll 

KLoatt'd  beneatb  the  upwr  eyeUd.     The  jKitient  must  be 
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thoroughly  ameslbetised  upon  a  firm  table  or  couch,  of  auch  n 
height  that  his  head  reaches  the  level  of  the  umbilical  region 
of  the  o|jerdtor,  vfho  stands  behind  the  patient's)  head.  The 
eyelids  are  kept  open  by  nieane  of  a  spring-stop  speculum 
(fig.  31 ),  and  the  globe  is  held  steady  by  seizing  the  conjunctiva 
and  subconjunctival  tissue  with  fixation  forceps  (fig.  32)  at 
the  part  immediately  opposite  to  that  at  which  the  incision  is 
abont  to  be  made.  A  bent  triangular  kerat« me  (fig.  41)  is  then 
deliberately  inserted  into  the  sclerotic  at  from  I  to  2  mm. 
from  the  edge  of  the  cornea,  and  pushed  downwards  across  the 
anterior  chamber  until  the  wound  thus  made  is  from  6  to  8  men. 


FlO,  46.— Irideeloioy  with  KeraWme. 

vide  (see  fig.  46).  In  doing  this,  the  instrument  is  passed  in 
obliquely  and  in  such  a  direction  that  if  continued  it  would 
cause  a  wound  of  the  iris  and  lens;  as  soon,  therefore,  as  its 
point  is  seen  through  the  clear  cornea,  the  handle  is  slightly 
•  depressed,  so  as  to  bring  the  blade  into  a  plane  anterior  and 
parallel  to  that  of  the  iris  (fig.  4fi). 

The  keratorae  is  now  steadily  withdrawn.  In  doing  this 
it  is  inijKtrtant  to  keep  its  apex  well  away  fr<)m  the  plane  of 
the  iris  and  lens.  Its  withdrawal  is  accompanied  by  an  escaiie 
of  the  aqueous,  which  mny  cause  protrusion  of  the  iris  between 
the  lips  of  the  wound. 
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The  keratome  is  now  laid  aside,  and  tlie  6sation  forceps 
entrusted  to  an  fcHistant,  who,  if  necessary,  holds  the  globe 
in  a  state  of  slight  rotation  downwards,  but  without  undue 
pressure  or  traction.  The  closed  iris  forceps  (fig.  43)  are  now 
passed  into  the  antorior  chamber,  the  iris  is  seized  near  its 
pupillary  edge,  and  dragged  just  outside  one  angle  of  the 
wound  ;  whilst  slight  traction  is  made  upon  it  in  this  poaition 
a  snip  is  made  through  its  outer  part  with  the  iris  scissors 
(figs,  44  and  45)  in  the  manner  shown  in  figure  47;  the 
portion  of  iris  held  in  the  forceps  is  then  gently  drawn  across 
to  the  other  angle,  and  the  excision  completed  as  near  to  its 
periphery  as  possible.  Finally,  the  curette,  or  (he  probe  (fig. 
28),  should  be  passed  into  the  angles  of  the  woimd,  so  as  to 


Fig.  it.— The  Iridectomy. 

rate  any  portion  of  iris  that  is  intjingled  there,  and   the 
i  of  the  wound  are  brought  into  exact  apposition.     Tlie 
Kulum  IB  then  removed,  the  eyelids  are  gently  closed,  and 
I  light  compress  of  wet  lint  and  a  bandage  are  applied. 

When  the  anterior  chamber  is  very  sliallow,  by  the  bulging 

forwards  of  the  iris  and  crystalline  lens,  the  danger  of  wounding 

I  the  latter  is  lessened  by  the  use  of  the  linear  knife  (fig.  43),  as 

.  the  preliminary   iridectomy  for  cataract   extraction.     (See 

ict.)     .Some  surgeons,  however,  always  make  use  of  the 

(near  knife  in  performing  iridectomy. 

Mr.  .Strealfeild  makes  an  incision  at  the  periphery  of  the 
■nen  by  the  nse  of  a  Sichel'a  knife.     (Sm  Cataract.) 
When  the  operation  is  required  for  optical  piiqioses  only, 
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the  position  of  the  new  pupil  necessarily  depends  upon  that 
of  the  lesion  of  the  coraea.  The  best  position,  when  possible, 
is  either  downwards  and  slightlj  inwards,  or  straight  down- 
wards. The  object  here  is  not  to  remove  a  large 
portion  of  the  iris,  but  only  so  much  as  is  neces- 
sary for  distinct  vision.  Instead  of  the  large 
bent  keratome,  a  narrower  one  (broad  needle, 
fig.  48)  is  employed  for  the  first  stage  of  the 
operation.  The  position  of  the  first  incision 
must  depend  upon  the  situation  in  which  the 
new  pupil  is  required.  When  this  is  only  slightly 
eccentric,  the  incision  can  be  made  just  within 
the  margin  of  the  cornea.  When  the  pupil  is 
required  to  be  opposite  the  margin  of  the  cornea, 
the  incision  must  be  made  in  the  sclerotic,  about 
1  ram.  beyond  the  sclero-c-omeal  junction.  The 
width  of  the  incision  should  in  cither  case  be 
at  least  3  mm.  The  globe  is  fixed  by  the  as- 
sistant. The  iris  forceps,  fig.  43,  are  now 
jiassed  into  the  anterior  chamber,  and  the  iris 
seized  at  its  puiiillary  edge  and  gently  withdrawn 
through  the  wound,  and,  whilst  held  in  this  jwsi- 
tion,  the  portion  which  is  outside  the  wound  is 


Iridcctomj  tor  Artificial  PupiL 


snipped  off  close  to  the  globe  with  the  iris  scissors  (see  fig.  49), 
\S'hen  the  pupil  is  requii-ed  to  extend  quite  to  the  tnargia 


It 
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le  coroea,  slight  preaaure  ahoiiM  he  made  upon  the  globe 

\\  the  BcissofD  as  the  iris  is  being  cut  iiway. 

Inatf-ad  of  the  iria  forceps,  a  Tyrrel's  hook  (fig.  50)  may 
be  used.  This  is  introduct;d  on  the  fiat,  and 
piissed  as  far  as  the  centre  of  the  pupil ; 
it  is  then  half  rotated  downwards  and  with- 
.drawR  so  ag  to  catch  the  edge  of  the  pupil,  by 
rhich  means  the  iris  is  extracted,  aud  cut  off 
~tB  before. 

The  accidents  and  complications  of  iridec- 
tomy.—  I.  Thi-  h'n=  may  be  wounded,  I'itht-r 
during  the  insertion  or  the  withdrawal  of  the 
kemtome.  This  is  a  very  serious  accident,  as 
it  is  sure  to  be  followed  by  partial  or  complete 
<!«t«ract. 

2,  The  blade  of  the  keratoine  may  get 
b«rtwfi'n  the  layers  of  the  cornea,  instead  of 
pHHsiog  directly  into  the  antL^rior  chamber. 
This  accident  ariseK  from  it  being  held  too 
obliqurly  at  tho  dtrnmenctmait  of  the  inci- 
sioD.  As  soon  as  I  his  condition  14  discovered, 
the  inntrument  should  be  immediately  with- 
drawn, and  another  poititioa  selected  for  a 
fresh  incision ;  if,  however,  the  blade  has 
finally  entered  the  anterior  cham>wr.  ao  as  to 
cause  escape  of  the  aqueous,  the  eye  had 
better  bo  handiiged  np  at  once,  and  the  opera- 
tion (lostponed  for  at  least  twpnty-four  hours, 
in  order  that  a  re-secretion  of  aqueous  may 
take  place  before  Ihe  knife  is  agidn  allowed 
to  enter  tJie  anterior  chamber.  Without  this 
prei'Jtntion  the  iri4  and  lens  are  so  pushed  for- 
wards aft«r  the  escaiH!  of  aqueous  that  they 

are  sure  to  be  wounded  at  the  time  of  the  frtssh     '''?;  "?■  -Tyn*!", 
.  .  Hook    fiir    Iri- 

incisiou.  deoUm;. 

3.  When  the  incision  is  made  in  the  scle- 
rotic, there  may  b«  considerable  htemorrhage  into  the  anterior 
chamber  either  before  or  after  tlie  excision  of  the  iris.     Tlie 

lood  can  osually  be  made  to  flow  out  by  depressing  the  u]i|)er 
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lip  of  the  wound  with  the  curette.  W'licn  the  excision  of  the 
iris  in  completed,  no  anxiety  need  be  entertained  on  account 
of  the  presence  of  u  moilerale  umuunt  of  blood  in  the  anterior 
chamber,  as  it  usually  becomes  absorbed  within  a  few  days. 

^dodeiia  ((i.  Critchett)  consists  in  drawing  the  pupillary 
edge  of  the  iris  through  a  small  opening  in  the  margin  of  the 
cornea,  and  securing  it  by  a  fine  silk  ligature  on  the  out- 
side. 

The  incision  is  uade  immediately  in  front  of  the  sclero- 
corneal  junction,  by  means  of  a  broad  needle,  bent  at  an  obtuse 
angle.  The  needle  is  then  removed,  and  a  loop  of  fine  black 
silk  is  placed  immediately  around  the  wound.  A  Tyrrell's  hook 
or  a  pnir  of  iris  forceps  is  then  passed  through  the  loop  and 
wound  into  the  anterior  chamber,  and  the  pupillary  edge  of 
the  iris  seixed  and  withdrawn  through  the  wuund  to  the  de- 
sired extent.  Whilst  the  iris  is  held  in  this  position  by  the 
operator,  the  two  ends  of  the  ligature  are  picked  up  by  the 
assistant,  by  means  of  broad  cilia  forcejis;  they  are  then 
tightened  close  to  the  surface  of  the  cornea,*  and  the  knot  is 
completed.  The  strangulated  portion  of  iris  quickly  shrink:), 
and  the  ligature  can  be  removed  after  a  few  days.  By  this 
means  the  original  pupil  is  shifted  to  one  side,  and  a  new 
somewhat  jtear-shaped  pupil  is  formed. 

This  method  is  particularly  useful  in  certain  cases  of  conical 
cornea  and  lamelhu'  cataract,  also  where  a  central  nebula  of  the 
cornea  is  sufficient  to  blur  the  vision,  though  not  to  exclude 
the  light;  the  original  pupil  being  obliterated  by  the  traction 
upon  the  iris,  the  rays  which  formerly  passed  through  the  nebula 
are  now  excluded,  whilst  the  new  pupil  only  admits  those  rays 
which  pass  through  the  clear  part  of  the  cornea.  Iridodcsis 
was  formerly  practised  somewhat  extensively  by  G.  Critchett, 
Bowman,  and  others ;  but  the  occurrence  of  sympathetic  irrita- 
tion and  of  sympalh'^tic  ophthalmitis  in  a  few  cases  where  the 
opemtion  had  been  {>orformed  has  caused  it  to  be  less  frequently 
adopted. 

Iridotomy  (iritoniy)  consists  in  the  formation  of  artificial 
pupil  by  simple  incision  of  (he  iris.  It  can  only  be  safely 
adopted  when  the  crysttiUine  lens  is  absent,  and  is  mostly 
applied  to  those  cases  in  which  the  iris  has  become  tightljr 
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■n  upwards  towards  the  cicatrix  as  the  result  of  iuflainiiia' 

after  the  extraction  of  cataract. 

Operation. — The  eyelids  being  sejiarated,  and  the  globe 

leadifd,  as  in  the  previous  operations,  a  narrow  lancfl-shai>e>i 

tenitome,  fig,  41,  is  plunged  through  the  upper  part  of  the 

about  2  mm.  from  the  sclero-comeal  junction,  it  is  then 

mshed  onward::*  thRiugh  the  membranons  esudation  to  the  back 

if  the  iris,  and  finally  withdrawn.     The  iridotomy  Bcissors  (fig. 

t5)  are  now  jKisaed  through  the  corneal  wound,  their  blades  be- 

closwl;  as  soon  as  they  reach  the  iris  one  blade  is  passed 

tebind  and  the  other  in  front  of  that  structure,  which  is  now 

iivided  by  a  single  snip  from  above  downwards ;  this  single 

ion  is  usually  followed  by  inunediate  seiianition  of  the  cut 

I  so  afi  to  form  a  slit-like  or  triangular  pupil.     In  some 

ses  it  is  necessary  to  make  a  second  incision  at  au  acute 

jle  with  the  first,  so  as  to  include  a  V-shaped  piece  of  iris, 

I  can  either  be  left  to  atrophy  or  be  removed.     My  col- 

e,  Mr.   Anderson   Critchett,  has  a  dexterous  method  of 

iching  and  bringing  away  this  triangular  piece  of  iris  with 

B  same  iridotomy  scissors. 

ridotouiy  is  also  practised  by  De  Wecker  and  others  for 

iduction  of  artifici.ll  pupil  in  certain  cases  of  lamellar 

tct,  &c. ;   the  advantage  claimed  being  that  the  small  slit- 

a|»erture   thus    obtained    is   better    for   optical   purposes 

D  the  larger  o|K?ning  produced  by  even  a  small  iridectomy. 

?nsc  tlie  incision  in  tJie  cornea  must  be  made  at  thr 

;  opposite  to  that  at  which    the   new   pupil   is  required ; 

t  should   be  about   4   mm.   wide.      De   Wecker'a   iridotomy 

8  (fig.  45)  are  now  carefully  introduced  to  the  anterior 

[uber.    Having  reached  the  pupil,  the  blunt-ended  blade  is 

I  behind  the  iris  between  it  and  the  capsule;  the  other 

le,  which  is  usually  gilt,  is  passed  in  front  of  the  iris  in  the 

Mtion  of  the  desired  pupil ;   the  iris  is  now  divided  by  a 

ingle  cut,   and   the   closed   instrument   is   cautiously   with- 
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CHAPTER   VII. 

DISEASES   OF  THE  OPTIC  NERVE  AXD  RETINA, 

ANATOMY  AND  PHYSIOLOGY  OP  THE  OPTIC  KERVE— ASPECT  OP  THE  HEALTHY 
DISC— PHYSIOLOGICAL  CUP—  SCLEROTIC  RING— ANATOMY  OF  THE  RETINA 
— PHYSIOLOGY  OP  THE  RETINA — ASPECT  OP  THE  HEALTHY  RETINA — 
PULSATION  OP  THE  RETINAL  VESSELS— HYPBR^CMIA  OP  THE  OPTIC  DISC 
— OPTIC  NEURITIS— OPTIC  ATROPHY— HAEMORRHAGES  OP  THE  OPTIC 
NERVE — OPAQUE  NERVE  FIBRES — RETINAL  ISCHEMIA— EMBOLISM  (^F 
THE  CENTRAL  ARTERY— RETINAL  HEMORRHAGES— ALBUMINURIC  RETI- 
NITIS—SYPHILITIC  RETINITIS— PIGMENTARY  RETINITIS— DETACHMENT 
OF  THE  RETINA — GLIOMA  OF  THE  RETINA— PSEUDO-GLIOMA. 

Anatomy  and  Physiology  of  the  Optic  Kerye. — Each  optic  tract 
arises  by  two  roots,  of  which  the  exteinial  takes  origin  from 
three  centres  of  grey  matter,  viz.  the  optic  thalamus,  the  ex- 
ternal geniculate  body,  and  the  anterior  tubercles  (nates)  of  the 
corpora  quadrigemina ;  while  the  internal  arises  from  the  in- 
ternal geniculate  body  and  the  posterior  tubercles  (testes)  of 
the  corpora  quadrigemina.  These  centres  of  grey  matter  are 
connected  with  the  cerebral  cortex  by  a  system  of  fibres  consti- 
tuting the  most  posterior  part  of  the  optic  thalamus  (cortico- 
optic-radiating  fasciculi — Charcot).  Kecent  clinical  observa- 
tions point  to  the  angular  gyrus,  and  its  neighbourhood  in  the 
occipital  lobe,  as  the  cortical  centre  of  vision.  The  optic  tract 
formed  by  the  union  of  these  two  roots  then  passes  forwards 
along  the  posterior  inferior  surface  of  the  optic  thalamus, 
crosses  the  crus  cerebri,  runs  along  the  side  of  the  tuber 
cinereum,  and  in  front  of  the  infundibulum  unites  with  the 
optic  tract  of  the  opposite  side  to  form  the  optic  commisaure. 
In  the  optic  commissure  the  fibres  of  each  optic  tract  undergo 
semidecussation  (fig.  51,  p.  207).  From  the  optic  commissure 
the  two  optic  nerves  arise,  and  pass  forwards  and  outwards  to  the 
two  optic  foramina.     As  they  pass  through  these,  they  become 
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invested  ty  prolongalinns  from  the  pia  malT  and  the  diim 
iii.iler  of  the  brain.  Each  nerve  is  aboni  4  mm.  in  diameter, 
and  iU  orbital  ]»rtion  is  about  28  mm.  in  length.  The  nerve 
i«  made  uj)  of  numeroos  bundle-*  of  nerve  fibres,  with  interven- 
ing septa  of  connective  tissue.  The  ophthalmio  artery  entirely 
fiupplie*  the  optic  nerve  with  bluod. 

Near  the  globe  (about  10  mm.  behind  it)  the  optic  nerve 
is  penetrated  by  the  centnd  artery  of  the  retina  with  its  vein. 
These  are  accompanied  by  distinct  lymphatic  sheaths,  and  patia 
obliquely  to  the  centre  of  the  nerve.  The  central  artery  of  the 
retina  does  not  supply  the  optic  nerve  with  blcnxi,  though  it 
gives  off  a  few  minute  branches  immediately  behind  the  lamina 
cribnwa,  which  pass  forward  in  a  parallel  direction  to  supply 
that  stnictiire  and  the  optic  papilla. 

The  pial  ahnath{me  fig.  I,  opposite  p.  166)  is  a  fibro-vasciilar 
structure,  which  closely  invests  the  nerve,  and  sends  o£F  nu- 
merous bands  between  the  fibres  of  the  latter,  so  aa  to  form  a 
network  of  trabecular  tissue;  the  trabeculae  thus  formed  give 
off  still  finer  connective  tissue  filaments,  which  extend  between 
the  nerve  fibres.  The  pial  sheath  terminates  anteriorly  by 
blending  with  the  inner  tibres  of  tlie  sclerotic  at  the  edge  of 
the  optic  disc.  It  is  sujiplied  with  blood  from  the  branches  of 
the  ophthalmic  artery,  and  thus,  by  its  continuity  with  the  pia 
mater,  establishes  arteriid  communication  between  the  intra- 
vraninl  and  orbital  arteries. 

Tkt  d\tral  eheatk  forms  a  (romplete  fibrous  investment  to 
the  nerve,  and  lerujinates  anteriorly  by  blending  with  the 
sclerotic  at  the  optic  nerve  entrance. 

The  intcrahetttk  »p<icf  is  the  s|>ace  between  these  two  mem- 
lirantra,  and  ia  considered  to  be  a  Ijinph-space  (Schwalbe).  It 
in  imperfectly  divided  by  a  di-licate  prolongiition  of  connective 
(iMue  from  the  arachnoid  membrane  of  the  brain ;  this  is  at- 
tnehed  partly  to  the  dural,  and  jmrtly  to  the  pial  sheath.  The 
intcrshenth  space  eommnnicates  )x>t(leriorly  with  (he  suhanich- 
iiiiid  sjtaee  of  the  brain,  and  anteriorly  with  eertjiin  lymph 
Bjiaces  in  the  optic  nerve  at  the  lamina  cribrosa. 

The  i^tio  din  or  ptpilla  is  formal  by  the  nidiating  fibres  of 
the  optic  nerve  immediately  after  their  passage  through  the 
mings  in  the  sclerotic  and  choroid  at   Ihe  back  of  the  eye. 
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The  sclerotic  opening,  as  we  hiive  just  seen,  ie  guarded  by  the 
lamina  cribrosa.  In  front  of  this  is  a  delicate  layer  of  coDnt*- 
tive  tissue  cuntaining  capillaries,  which  ie  derived  from  tLe 
choroid.  The  capHUiriea  of  the  disc  are  supplied  from  three 
sources,  viz.  the  posterior  short  ciliary  arteries  of  the  choroid, 
the  central  arlery  of  the  retina,  and  the  arterial  twigs  of  the  pial 
sheat  h.  These  three  sets  of  vessels  anastomose  freely  at  the  optic 
disc.  As  tlie  nerve  fibres  pass  through  the  lamina  cribrosa  they 
become  divested  of  their  medidlary  sheaths  (white  substance  of 
i^chwunn),  and  are  reduced  to, aria  cylinders  only,  surrounded 
by  a  little  transparent  gelatinous  substance  (neuroglia).  Being 
thus  rendered  quite  transiwrent,  they  radiate  towards  the  retina. 

iVktm  examined  with  the  cpkllMlmoscupe  the  healthy  optic 
disc  usually  ap[>ears  as  a  whitish  circular  area  surrounded  by 
the  orange-foloured  groundwork  foimed  by  the  choroid.  It 
UHually  has  a  slight  pinkish  tint,  such  as  is  represented  in  figs. 
1  and  2,op{K'8tte  p.  134,  but  ilsappearance  is  subject  to  nunier- 
oits  sUght  variations,  which  can  only  be  learned  by  fretjuent 
examination  of  healthy  fundi.  The  white  reflection  is  caused 
chiefly  by  the  lamina  cribrosa  which  shines  through  the  triins- 
]Mrent  nerve-fibres,  paitly  by  the  white  substance  of  the  nerve- 
sheaths  which  terminates  just  behind  the  disc;  it  is  usually 
most  marked  at  the  outer  part  of  the  disc,  where  the  fibres  are 
thinnest.  The  pinkish  tint  is  due  to  the  presence  of  capillaries, 
and  is  more  marked  when  these  are  distended  than  when  they 
contain  but  little  blood.  In.  fair  persons,  where  the  pigment 
layer  of  the  retina  is  thin,  the  disc  often  apjiears  darker  by  con- 
trast with  the  rest  of  the  fundus  than  in  persons  of  dark  eom- 
plexion.  It  occasionally  happens  that  the  disc  looksquite  white, 
although  the  visual  and  other  functions  of  the  eye  are  normal. 

The  central  artery  of  the  retina  is  seen  to  emerge  from  the 
depths  of  the  optic  nerve  rather  to  the  inner  side  of  the  centre 
of  the  disc ;  it  sometimes  divides  before  traversing  the  lamina 
cribrosa,  but  more  commoniy  its  point  of  bifurcation  is  anterior 
to  that  structure,  and  can  be  seen  from  the  front.  The  two 
cliief  divisions  thus  formed  jiass  vertically,  (he  one  upwards  and 
the  other  downwards,  to  the  retina.  {See  Itctina.)  The  central 
vein  aceom[ianiefl  the  artery,  and  is  distinguished  by  its  some- 
what darker  colour  and  larger  siie. 

Along  the  margin  of  the  disc  there  is  often  seen  a  small 
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:  pigment, 
the  fircuinference,  and  is  of  no  pathological  importance. 

The  FhysiDlogical  Cup. — On  exaniinatioD  by  the  direct 
method  the  optic  disc  freqnently  presents  an  excav-ation  at 
its  centrf,  just  at  the  jioint  of  emergence  of  the  central 
vesaele.  This  is  due  to  exposure  of  the  central  part  of  the 
lamino  cribrosa  by  the  divergence  of  the  nerve  fibres  (see  fig. 
1,  opposite  p.  176).  The  central  hollow  thus  formed  is  known 
as  the  physiological  cup  or  pit;  it  ia  usually  funnel-ahaped, 
and  varies  consideniMy  in  extent,  but  it  never  eirtends  to  the 
extreme  edge  of  the  disc,  as  is  the  case  in  glaucomatous  cup- 
ping.    Moreover,  it  does  not  interfere  with  visual  acuity. 

The  Mlerotio  rinp  is  another  feature  of  the  normal  disc 
which  ia  frequently  observed.  It  is  a  whitish  ring  situated  at 
the  edge  of  the  disc,  which  is  c^uxed  by  the  aperture  in  tha 
choroid  being  somewhat  larger  than  that  in  the  sclerotic,  so 
I  hat  the  edge  of  the  latter  is  seen  as  a  white  band  through  the 
transparent  nerve  fibres.  It  is  often  more  visible  on  the  outer 
side  of  the  disc  than  throughout  the  rest  of  its  extent,  owing  to 
the  fact  that  the  optic  nerve  fibres  are  thinner  at  that  part. 
It  can  generally  be  seen  as  a  complete  ring  when  the  optic 
nerve  fibres  are  atrophied. 

The  optic  disc  ia  usually  circular  in  form;  in  some  cases, 
however,  it  appears  somewhat  elongated  in  one  direction.  This 
may  be  its  real  condition,  in  which  case  its  form  will  be  the 
same  in  whatever  way  it  is  examined,  or  the  oval  ap|>earance 
may  he  due  to  astigmatism.  If  due  to  astigmatism,  examina- 
tion  by  the  indirect  method  will  slion^  that  the  direction  of  its 
long  axis  and  its  length  compared  with  the  short  axis  vary  with 
the  position  of  the  lens.  The  average  diameter  of  the  disc  is 
nbout  1'6  mm.;  its  apparent  size  varies  with  the  refractive 
condition  of  the  eye.     {See  Refraction.) 

The  Betina  is  a  delicate  membrane  containing  the  trnninal 
end-organs  of  the  fibres  of  the  optic  nerve,  supported  by  a  con- 
niftive  tissue  framework.  It  lies  between  the  choroid  and  the 
vitreous  humour,  and  extends  from  the  optic  disc  to  the  outer 
part  of  the  ciliary  pnK-esses,  where  it  presents  a  finely  indented 
bi>rder,  the  ora  nfrrrata.  At  this  jioint  the  nervous  elements 
of  the  retina  cease,  but  the  connective  tissue  framework  is  ocn- 
tinued  forwards  under  the  name  of  the  pars  cU'iaria  retinte  as 
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fnr  as  tlie  zonula.  At  the  back  of  the  retina  ia  a  layer  of  hexa- 
gonal pigment  cells  which  is  continuous  with  the  pigmentary 
hiyers  of  the  iris  and  ciliary  body  already  described.  This  layer 
adheres  to  the  choroid  when  the  latter  is  neparated  from  the 
retina ;  it  was  formerly  considered  to  belong  to  that  body,  but 
the  study  of  the  development  of  the  part  shows  that  it  Iwlongs 
to  the  retina.  By  carefully  remoring  the  anterior  portion  of 
the  globe  with  scissors,  and  clearing  away  the  vitreous  (iai- 
niediately  after  an  eye  has  been  excised  from  (he  living  subject ), 
we  find  that  the  inner  surface  of  the  retina  is  smooth,  and  thSt 
its  substance  is  quite  traosiKirent.  About  3  mm.  tfl  the  inner 
side  of  the  posterior  pole  of  the  globe  is  seen  a  white  circular 
disc  of  about  1"6  mm.  diameter.  This  is  the  opiK  diec  or 
pnpHUi  (p.  165),  from  the  centre  of  which  the  mdiating-retinal 
vessels  are  plainly  visible.  At  the  posterior  pole  the  brown 
colour  of  the  pigmentary  layer  is  obeer\'ed  t«  be  intensihed  over 
n  small  area ;  this  is  the  yellow  spot  (macula  lutea),  and  if  the 
segment  of  the  globe  be  placed  in  water  and  examined  under  a 
low  power  of  the  microscope,  this  area  will  be  found  to  be  de- 
pressed at  the  centre;  the  depression  in  the  fovea  centralu>. 
In  some  cases  also  there  will  )>e  found  a  yellowish  appearance, 
hence  the  name  of  yellow  spot  which  has  been  given  to  this,  the 
most  sensitive  portion  of  the  retina,  although  in  many  cases 
the  diiference  of  colour  betwe^'n  this  region  and  the  remainder 
of  the  retina  is  extremely  slight.  The  yellow  8[M>t  region  is 
alxiiit  1*25  mm.  in  diameter,  and  is  somewhat  elliptk^  in  shape, 
the  long  axis  being  horizuntAt. 

Microscopic  Awdmny. — The  elementary  structures  of  the 
retina  are  arranged  in  several  layers,  the  chief  of  which  ar« 
shown  in  ligs.  1,  '2,  and  3,  on  the  opposite  page.  These  may 
be  enumerat«-d  from  before  backwards,  as  follows : 


1.  The  internal  limiting  mem- 

bmne 

2.  The  nerve-fibre  layer 

3.  The  ganglionic  layer 

4.  The  inner  molecular  layer 
fi.  The  inner  granulnr  layer 
6.  The  outer  molecular  layer 


7.  The  outer  granular  layer 

8.  The  outer  limiting  mem- 

brane 

9.  Tlie  rodd  and  cones 

10.  The  pigmentary  layer 

11.  The  connective  tissue 

fnimuwork 


Vii  I.  Section  or  hunid 

(DtajniniHlKSrliuflK.) 
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1.  Tfie  internal  limitiTifj  m  fm brane  ia  very  thin  and  im- 
perfect ;  its  inner  surfuce  rests  a^iDi<t  tie  vitreous  huiuour, 
while  it^  outer  surface  is  in  cont;ict  with  thf  nerve-fibre  layer, 
nod  is  intimately  connected  with  the  t«nniaal  extremitiea  of 
the  tibres  of  Miiller. 

2.  The  tierve-fihre  layer  is  formed  by  the  fibres  of  the  optic 
nerve  on  their  way  to  the  ganglion  cella ;  these,  an  we  have 
seen,  consist  simply  of  the  axis  oylinder  surrounded  by  a  little 
neuroglia. 

3.  The  layer  of  ganglion  cells  is  composed  of  structnrcs 
(liiuilar  to  those  of  nerve  centres.  They  are  tnnltipolar  cells 
containing  a  nucleas  and  a  bright  nncleolus;  their  prolonga- 
tions are  directed  inwards  to  communicate  willi  the  axis  cylin- 
ders of  the  nerve-fibre  layer,  and  outwanis  towards  the  inner 
molecular  layer, 

4.  The  inner  violecuUir  Uttjer  is  composed  of  fine  tibrillie 
irregularly  disposed  amongst  grey  amorphous  molecules. 

5.  The  vnner  granular  hiyer  (inner  nucleiir  layer)  consists 
of  two  kinds  of  cellular  elements,  and  two  kinds  of  fibres.  The 
larger  cells  are  nerve  cells,  and  are  similar  to  the  bipolar 
ganglion  cells,  having  a  large  nuoliiiis  and  a  small  nucleolus. 
Knell  of  these  cells  has  two  tail-like  processea — one  passes  to 
the  outer  granular  layer  to  anastomose  with  the  nerve-element 
of  that  part,  tJie  other  goes  inwardti,  and  is  lost  in  tJie  inner 
raoleculiir  layer.  The  other  cells  of  this  layer  are  connected 
with  the  fibres  of  Miiller. 

6.  The  outer  vwUcular  layer  is  similar-  to  tie  inner 
molecular. 

7.  The  outer  granular  layer  (or  outer  nuclear)  consists  of 
nerve  elements  and  ofconnective-tissne  elements,  like  the  inner 
granular  layer.  The  nerve  elements  consist  of  bipolar  cells 
(containing  nuclei  and  granules),  from  which  delicate  fibres 
pass  inwards  to  the  inner  granular  layer,  and  outwards  to  the 
rods  and  cones.  The  nuclei  thus  connected  with  the  cones  are 
oiluate<l  nearer  to  the  external  limiting  membrane  tlian  those 
commnnicating  with  the  rods,  the  cone-fibres  being  shorter 
than  the  rod-fibres. 

8.  The  external  Umiling  membrane  is  the  expansion  formed 
by  the  terminid  extremities  of  the  fibres  of  Miiller. 
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The  sclerotic  opening,  aa  we  Lave  just  seen,  is  guui'ded  by  the 
lamina  cribrosa.  In  front  of  tbis  is  a  delicate  layer  of  connec- 
tive tissue  contaioiiig  capillaries,  which  is  deiived  from  the 
elioroid.  The  capillaries  of  the  di§c  are  supplied  from  three 
Bourcee,  viz.  the  posterior  short  ciliary  arteries  of  the  choroid, 
the  central  artery  of  the  retina,  iind  the  arterial  twigs  of  the  pial 
sheath.  These  three  seta  of  vessels  nnastooiose  freely  at  the  optic 
disc.  As  tlie  nerve  fibrea  pass  through  the  hiiiiina  cribrosa  they 
become  divested  of  their  medullary  sheaths  (white  substance:  of 
Schwann),  and  are  reduced  to, axis  cylinders  only,  surrounded 
fay  a  little  transparent  gelatinous  substance  (neuroglia).  Being 
thus  rendered  quite  trans)>arent,  they  radiate  towards  the  retina. 

When  examined  nnth  the  cph tftahnoacope  the  healthy  optic 
disc  usually  appears  us  a  whitish  circular  urea  surrounded  by 
the  orange-coloured  groundwork  formed  by  the  choroid.  It 
uiualiy  has  a  slight  pinkish  tint,  such  as  is  represented  in  figs. 
I  and  2,  op^KJsite  p.  134,  but  ilsapi>earance  is  subject  to  numer- 
ous slight  variations,  which  can  only  be  learned  by  frequent 
examination  of  healthy  fundi.  The  white  reflection  is  caused 
chiefly  by  the  lamina  cribrosa  which  shines  through  the  tnms- 
parent  nerve-fibres,  partly  by  the  white  substance  of  the  nerve- 
sheaths  which  terminates  just  behind  the  disc ;  it  is  usually 
most  marked  at  the  outer  i>art  of  the  disc,  where  the  flbres  are 
thinnest^  The  pinkish  tint  is  due  to  the  presence  of  capillaries, 
and  is  more  marked  when  these  are  distended  than  when  they 
contain  but  little  blood.  In  fair  persons,  where  the  pigment 
layer  of  the  retina  is  thin,  the  disc  often  appears  darker  by  con- 
trast with  the  rest  of  the  fundus  than  in  peisons  of  dark  com- 
plexion. It  occasionally  happens  that  the  disc  looks  quite  white, 
although  the  Wsuul  and  other  functions  of  the  eye  are  normal. 

The  central  artery  of  the  retina  is  seen  to  emerge  from  the 
depths  of  the  optic  ni'r\'e  nither  to  I  he  inner  side  of  the  ceut*« 
of  the  disc;  it  sometimes  dirides  before  traversing  the  lamina 
cribrosa,  but  more  commonly  its  point  of  bifurcation  is  anterior 
to  that  structure,  and  can  be  seen  from  the  front.  The  two 
chief  divisions  thus  formed  pass  vertically,  the  one  upwards  and 
file  other  downwards,  to  the  retina.  (SeBRetiim.)  The  central 
vein  acconi]Mmies  the  artery,  and  is  distinguiithed  by  its  some- 
what darker  colour  and  larger  siKe. 

Along  the  margin  «f  the  dit-c  there  is  often   Been  a  small 
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are  polarised  hy  tlie  outer  segments  of  the  rods  and  cones,  ami 
the  luminous  movement*  are  changed  into  molecular  move- 
ments which  Iniverse  the  retinal  layers  to  reach  the  nerve 
fibres,  whence  they  are  conducted  to  the  brain. 

In  consequence  of  the  optical  properties  of  the  eye  and  the 
iimingement  of  the  retinal  elements,  each  of  the  latter  receive* 
light  from  one  point  in  the  visual  field,  and  from  no  other ; 
this  correspondence  between  the  element  which  is  excited  and 
the  position  of  the  point  froTn  which  the  light  proceeds  enables 
us  to  judge  of  the  relative  position  of  the  points  where  images 
are  formed  in  the  retina.  Our  judgment,  however,  receives 
much  unconsciona  support  from  other  senses,  and  many  sensa- 
tions which  seem  to  be  simply  visual'-snch  as  the  sense  of 
size,  diBtiince,  and  solidity — are  in  reality  complex,  and  dep<?nd 
to  a  great  extent  on  the  teaching  of  experience,  on  muscular 
sense  which  tells  us  the  position  the  eyes  are  in,  on  the  amount 
of  convergence  and  accommodation  used,  and  on  a  comi»ari8on 
with  well-known  objects. 

For  dintinct  vision  the  image  of  the  object  must  fall  ui>on 
the  yellow  spit,  or  rather  its  central  part,  the  fovea  centmlis. 
This  is  called  ilireot  vision,  in  ujiposition  to  indirect  vision,  which 
occurs  when  the  image  tiills  on  any  other  portion  of  tha  retina. 

In  order  th:it  two  points  niiiy  give  rise  t«  separate  visual  im- 
pressions their  images  must  lie  at  least  0-002  mm.  a{Hirt;  for, 
since  this  is  approximately  the  diameter  of  the  cones,  images 
which  were  nearer  together  than  this  would  only  stimulate  one 
cone,  and  therefore  give  rise  to  but  one  visual  impression. 

Over  the  optic  disc  there  is  no  retina,  and  therefore  no 
perception  of  light,  hence  this  point  is  c;tlled  the  blind  qiot, 
and  its  existence  is  shown  by  the  familiitr  experiment  of  making 
a  dot  and  a  small  circle  alx>ut  5  cm.  apart,  the  dot  being  placed 
to  the  left.  If,  with  the  left  eye  shut,  the  right  eye  views  the 
dot  steadily  when  held  near  to  and  in  front  of  the  eye,  the 
circle  will  usually  be  also  in  view.  On  moving  the  pajicr 
slowly  away  from  the  eye  the  circle  will  be  found  to  vanish, 
and  on  moving  it  still  further  away  it  will  again  come  into 
Wew.  When  it  vanished  from  sight  its  image  fell  wholly  on 
the  blind  s[)ot.  This  occurs  when  the  ilintniice  of  the  dot  from 
tlitt  vye  is  about  four   times  that  between  the  dot  and  the 
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circle.  The  percipient  elemeata  of  the  retina  are  the  rtwls  and 
cones,  especially  their  outer  segments.  This  is  proved  by  the 
fact,  firstly,  that  only  cones  are  found  over  the  fovea  centralis ; 
secoDiily,  that  the  vessels  of  the  retiim  can  be  perceived  en- 
toptically  under  certain  conditions.  If  a  thin  metal  di^c,  hav- 
ing a  pin-hole  aperture  at  its  centre  and  a  piece  of  pale  blue 
glti39  behind  it,  be  rapidly  moved  in  a  small  circle  in  front  of 
the  pupil  vhile  we  steadily  look  through  the  pin-hole  at  a 
white  cloud,  a  complete  outline  of  all  the  network  of  capillaricii 
around  the  fovea  centralis  can  be  speedily  obtained.  Puikinje's 
exjwriinents,  as  described  in  text-books  of  physiology,  also 
show  I  be  existence  of  the  blood-vessels  to  be  in  front  of  the 
sensitive  elements  of  the  retina. 

Correapondittg  retinal  areas, — In  order  that  the  two  retinal 
images  of  an  object  may  give  rise  to  a  single  visual  impression, 
ii  H  necessary  that  images  should  full  upon  corresponding  retinal 
areas.  Thus  the  upper  halves  of  the  retina  corresiiond,  and 
also  the  lower  halves  ;  but  the  nasal  side  of  one  retina  corre- 
eponds  to  the  tenipoml  side  of  the  other,  and  vice  vena.  When 
we  Bc*  (m  indirect  vision)  to  the  left  side,  it  is  not  so  much 
with  the  external  [jart  of  the  right  as  with  th^  internal  part  of 
the  left  retina,  and  vice  Vf.rsa.  Now  all  niya  uflectiiig  the 
exlemal  aspect  of  the  retina  come  from  the  nasal  visual  fidd; 
and  tliis  field,  tested  sepanitely  for  each  eye,  is  always  found 
deficient  in  extent  comjured  to  the  temporal  visual  field,  even 
when  the  influence  of  the  projecting  bridge  of  the  nose  is 
feliinioated  (Landolt),  It  is  probable  (hat  it  is  only  when  the 
images  fall  near  the  central  part  of  the  retina  that  they 
coDtiuue  to  fonn  a  single  visual  impression;  when  one  falls 
ne.ir  the  centre,  and  the  other  on  a  very  peripheral  part,  the 
latter  image.  Ix'iog  less  intense,  is  disregiu-dcd. 

The  ophthalmosoopio  appearance  of  the  retina.— When  th»* 
liaalt by  fundus  is  examined  by  the  direct  method,  and  with  a 
Ight  illumination,  the  retina  is,  in  the  majority  of  cases,  found 
0  be  )terfectly  transparent.     It  reflects  little  or  no  light  and 

^  offers  no  resistance  to  that  reflected  from  the  choroid,  and  Is 
therefore  quite  invisible — in  fact,  were  it  not  for  the  presence  of 
its  bl'xfd-vessels,  it  would  be  impoMihle  by  this  test  alone  to  ns- 

I  Mrt  ihat  the  retina  existed.    When  only  a  feeble  illumination  ia 
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used,  a  slight  brilliant  reflex  can  be  obtained  from  tbe  region 
immediately  aorrounding  the  oi)tic  disc.  This  in  caused  by  reflec- 
tion of  the  light  from  the  cur>ed  surface,  where  the  fibres  of  the 
nerve  are  spreading  out  to  reach  the  retina.  The  appearand! 
is  diflncult  to  describe :  it  varies  with  each  tilting  of  the  mirror, 
is  somewhat  like  the  reflection  from  shot -silk,  and  is  lost  in  the 
red  reflex  from  the  choroid  when  the  intensity  of  the  light  is 
increased.  In  certain  cases,  however,  there  is  a  retinal  reflex 
of  this  nature  whatever  the  intensity  of  the  illuminatiou ;  this 
usually  obtains  in  young  children,  and  in  ijersons  of  very  dark 
complexion,  where  the  choroid  is  highly  pigmented.  Aiimg 
the  course  of  the  vessels  also  this  may  be  usually  observed  in 
the  form  of  a  bright  line ;  it  is  distinguished  from  a  pathological 
change  by  the  fact  that  the  reflection  will  nhift.  from  one  side 
of  the  vessel  to  the  other  by  the  slightest  movement  of  the 
mirror. 

The  yellcnv  sjaot  is  to  be  soiight  on  the  outer  aide  of  the 
optic  disc,  at  a  distance  equal  to  twice  the  diameter  of  the 
latter.  In  many  cases,  especially  in  adult  fair  persona,  the 
healthy  so-called  yellow  spot  preaents  the  appearance  shown  in 
fig.  1,  opposite  p.  134 ;  that  is,  it  differs  but  little,  if  at  all, 
in  colour  from  the  surrounding  fundus,  and  can  only  be  distin- 
guished from  the  other  parts  of  the  retina  by  the  absence  of 
visible  vessels,  and  by  its  position  with  regard  to  the  optic 
disc.  In  the  nmjority  of  eyes,  however,  there  is  an  intensifica- 
tion of  the  colour,  giving  au  appearance  similar  to  that  shown 
in  tig.  2,  opposite  p.  134.  In  some  cases,  more  especially  in 
young  subjects  and  dark  eyes,  a  small,  yellowish,  somewhat 
brilliant  spot  is  seen;  this  is  the  fovea  centralis.  It  is  sur- 
rounded by  an  ill-deflued  dark  area,  and  around  this  again 
there  is  sometimes  a  greyish  halo,  which  changes  its  appearance 
when  the  mirror  is  tilted. 

The  vessels  of  the  retina  are  easily  distinguished  from  those 
of  the  chon^id  by  their  radiating  course,  their  dichotomoua 
mode  of  branching,  their  clearness  of  tint,  and  their  wcll-defiQcd 
outline. 

The  peripheral  as  well  as  the  centnd  portions  of  the  retina 
should  always,  ae  far  as  possible,  I>e  exiimined  ;  these  are  better 
seen  when  the  pupil  has  been  previously  dilated.     The  oph- 
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thalmoscope  should  be  held  as  close  to  the  cornea  as  jx>ssil)lu 
(about  5  mill.),  and  the  i>atieiit  told  to  look  successively  in  the 
outward,  inward,  upward,  aud  downward  directions ;  this  brings 
imo  riew  the  outer,  mner,  upper,  and  lower  portions  of  the 
retina  respectively.  In  order  to  see  the  lower  portion  when 
the  patient  looks  downwards  it  is  nece^saiy  to  elevate  the 
upper  hd  with  the  finger  of  the  hand  which  is  not  holding  the 
ophthalmoscope.  The  examination  of  the  peripheral  jtarts  of 
the  fuudaa  is  e8i>ecially  important  because  lertain  tnorbid  con- 
ditions— such  as  pigmentary  retiuitis,  disseminated  choroiditis, 
detachment  of  retina,  and  other  alTections,  often  make  their 
first  appearance  in  that  part,  whilst  the  central  jwrtions  iire 
ap)iarcntly  normal. 

The  arteries  of  the  retina  are  from  two-thirds  to  three- 
fourths  the  size  of  the  veins,  they  are  liglit«r  in  colour,  and 
their  I'ourse  is  somewhat  straighter. 

Ptileationof  the  retinal  vehia  is  sometimes  observed,  even 
in  normal  eyes.  This  is  only  seen  upon  the  optic  disc,  and 
theories  have  been  i>ro[)Ounded  as  to  its  causation : 
Oonders  considers  it  to  be  owing  to  the  rhythmically 
d  arterial  tension  commiuaicalid  to  the  veins,  the 
vitreous  body  being  leas  compreasible  than  these.  It  occuw 
only  on  the  dist^  beoause  here  the  tension  of  the  veins  is  moat 
ible.  The  pulsation  thus  appears  in  the  diabolic  arterial 
iterval. 

2.  Sc}idn  ascribes  it  to  the  puliuttion  of  the  artery  com- 

icated   to   the   vein   as   they   lie   togetlier   in   the   optic 

Pidsation  of  tk«  Tetiiud  arterUa  is  very  rarely  found  in 
eyes,  alt-hough  both  arterial  aud  venous  pulsation  can 
be  produced  by  digital  pressure  ujKjn  the  globe  during  oph- 
thalmoscopic examination.  When  it  does  exist  it  may  be  due 
U>  one  of  two  local  causes,  (i.)  It  may  be  nothing  more  than 
a  pulsation  communicated  from  the  neighbouring  vein,  in  which 
ease  the  pulsation  of  the  artery  would  succeed  that  of  the  vein. 
(iL)  It  nuay  arise  from  the  fact  that  the  branches  at  the  dist; 
given  olf  at  right  angles  to  the  main  trunk  immedintely 
jf  its  bifurcation  (Otto  Becker).'  With  these  rare  eicep- 
■  Areliir  /iff  Ojilitli.  vot.  iviii.,  part  L,  p.  2flfl. 
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tions,  therefore,  the  existence  of  arterial  pulsation  at  the  optjel 
<ii8c  18  indicative  of  some  pathological  condition  either  of  tb 
eye  itself,  of  the  orbit,  or  of  the  general  ciraulatioo — ( 

1.  Arterial  pulsation  maybe  caused  by  increased  intraocular  I 
pressure  which  prevents  the  retinal  arteries  from  becoming  filled 
except  !it  the  acm^  of  the  pulse-wave.  It  is  not  uncommon  in 
glaucoma ;  and  when  not  occurring  8|>ontaneously  in  glaucoma, 
it  Clin  usually  be  temporarily  produced  by  very  slight  pressurt 
upon  the  globe,  whereby  the  t«nsion  is  still  more  inoreaBed. 

2.  It  is  also  occasionally  seen  in  cases  where  the  trunk  a 
the  centra!  artery  has  become  compressed,  as  in  certain  c 
of  optic  neuritis,  and  in  tumours  of  the  orbit  where  the  optidfl 
nerve  is  pre-''setl  uj>on. 

3.  The  tcufiion  of  eye  being  normal,  arterial  pulsiitioiu 
may  lie  causLii  by  low  arterial  tension,  arising  from  dehcienO 
aclion  of  the  he*rt.  It  is  common  in  aortic  regurgitation  wi 
hyiiertrophy  of  the  left  ventricle,  in  Basedow's  disease, 
synco;)e  following  loss  of  blood,  and  it  is  said  to  be  present 
during  tbe  periofl  of  aspbyiia  fn  cholera. 

Hypersmia  of  the  disc  is  characterised  by  increased  re(]nes)t,n 
The  large  central  vessels  can  be  plainly  seen,  but  the  colour  a 
the  arcit  of  the  disc  is  intensified ;  in  severe  cases  its  redness  i 
only  with  difficulty  distinguished  irora  that  of  the  surrouuding''! 
region  (see  fig.  2,  on  the  opposit*;  l>age).     It  is,  as  a  rule,  un- 
attended by  impairment  of  the  visual  function,  although  tberaj 
may  be  hypcrsensitiveness  to  light  (photophobia),  early  fatigus'l 
in  reading,  and  indii^tinct  pain  in  and  around  the  globe. 

Hypenemia  is  frequently  found  in  the  sul)jec*8  of  hyiie 
metropia  and  hypermetropic  astigmatism.     It  is  also  common^ 
amongst  those  who  are  obliged  to  work  for  long  jteriods  i 
bright  light,  such  as  gaslight.     It  is  usually  seen  in  the  early^ 
stage  of  optio  neuritis. 

In  some  cases  the  congestion  is  of  a  passive  or  venous  I 
nature,  residting  from  obstruction  to  the  return  of  blood  to  ] 
the  heart;  under  these  circumstances  the  veins  of  tlie  diss  [ 
are  tortuous  and  distended,  and  its  colour  is  deeper  than  that  J 
which  occurs  in  active  hvpeneinia. 

In  treatment  the  cause  of  this  affection  must  he  borne  i^ 
mind.     Any  existing  error  of  refraction  must  be  oorrecte«l  b/l 
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Buitablr-  glasse-s.     Over-use  of  the  eyes  munt  be  discontinued, 
and  bright  light  avoided  by  the  use  of  neutral-t  inted  glasses. 

Optio  K«iriti«.— Papillitii. — The  optic  nene  may  be  in- 
flnmed  in  the  whole  of  its  course,  or  the  signs  of  inHaDimatiou 
may  be  moat  marked  at  one  particular  poiut,  either  within  the 
ekull,  within  the  orbit,  or  at  the  {tapilla  within  the  globe. 

It  is  with  the  last  of  these  that  we  are  chiefly  concerned, 
and,  following  the  suggestinn  of  Leber,  we  propose  to  use  the 
t^rm  [tapilUtJs  in  preference  to  '  choked  disc,' '  descending  neu- 
ritis,' and  other  terms,  which  are  misleading  as  involving 
theories  of  eansntion  not  yel  proved. 

TVie  ophlhalmoKOpic  signs  of  paplUilis, — In  the  earl>/ 
sUt^e  the  whole  disc  becomes  swollen,  and  bulges  forwards  into 
the  ntreoos,  whilst  ita  edge  is  blurred  or  invisible.  Its 
colour  ii  at  first  rud,  as  in  sim]>le  hypcra^mia  (tig.  2,  opposite 
p.  176),  or  if  may  be  more  livid  from  intense  congestion  ;  this 
redness  soon  bo-omee  changed  to  a  greyish  ojialescence.  The 
vein^are  distended  and  tortuous,  and  are  seen  to  bulge  forwards 
ind  bend  abruptly  as  they  leave  the  inargiu  of  the  sweUing. 
At  a  later  slagf  the  opalescent  haze  may  give  place  to  a  de- 
1  opacity*  which  is  of  a  pinkish  or  yellowish  white,  more  or 
BBa  Rtrinted,  .ip])earance.  Not  only  is  the  edge  of  the  disc  now 
[uite  bidden  from  view,  but  ihe  central  vcbbcIb  may  be  obscured 
r  only  to  be  seen  at  some  distance  from  (he  centre  of  the  disc 
[figs.  1  and  2,  on  the  opjiopite  page);  the  veins  are  now  very 
rg«  and  tortuous,  the  arteries  are  cither  of  normal  size, 
mtracted,  or  quite  hidden  by  the  opfloify  of  (he  pupilla.  So 
the  swelling  of  the  disc  in  some  cases,  that  when 
oincti  by  the  direct  method  it  can  be  seen  with  a  convex 
fl  as  high  as  fi  D.  In  many  cases  small  hiemorrliiigt-s  m^y  be 
itinguishi-d  in  the  formof  e1ong»led  pittch<;s  running  {Niralh-I 
>  the  directions  of  the  chief  vessels. 
This  nlfeclion  i«  seldom  confined  to  the  |tapilla;  it  can 
■-mually  be  observed  to  invade  mure  or  less  of  the  surrounding 
Fig.  1,  on  the  opposite  page,  represents  a  cane  of  this 
Idnd.  It  was  taken  from  a  patient  with  a  lumour  in  the  led 
Mrebral  heraisphire.  The  papilla  i*  immcnKely  swollen,  and 
B4U  outline  is  lost,  the  vessels  are  quite  obscure  at  the  centre  of 
ihc  dine,  the  veins  arc  loriuous,  nnd  the  rcliun  is  affcctc-d  with 
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a  general  hazinesjs  which  obsuares  the  vessels  at  certain  poiDtR. 
(5«e  Retinitis.) 

At  a  later  stage  aliU  (post-papUIitic)  these  changes  in  th« 
appearance  of  the  disc  undergo  gradual  subsidence.  At  the 
end  of  some  weeks  or  months  the  opacity  begins  to  disappear, 
and  the  edge  of  the  disc  may  be  seen  as  through  a  mist 
('woolly  disc'),  which  gradually  becomes  less  and  less.  The 
edge  of  the  disc  is  thus  again  brought  into  view,  and  may  pre- 
sent the  same  appearance  as  it  did  before  the  papillitis,  or  its 
outline  may  be  somewhat  irregular.  The  vessels  gmdually  be- 
come less  tortuous,  and  may  undergo  permanent  contniction. 
The  area  of  the  disc  may  resume  its  normal  pinkish  tinti  or 
may  be  more  or  less  blanched.     (5ee  Atrophy.) 

Other  eymptoma  of  jiaplllUis. — It  iw  remarkable  that  con- 
siderable swelbng  and  haze  of  the  optic  disc  may  exist  before 
the  patient  experiences  any  serious  interference  with  vision. 
Thus,  there  may  be  unimpaired  visual  acuity,  good  colour  per- 
ception, and  an  unrestrict«d  visual  field. 

Vision  is  seldom  much  impaired  until  papillitis  has  existed 
for  some  time.  If  resolution  take  place  quickly,  that  is,  before 
the  inflammation  has  given  rise  to  atrophy  of  the  nerve-fibres, 
I  here  may  be  no  failure  of  vision  at  all,  or,  the  sight  having 
become  atfected  even  to  a  serious  degree,  may  quite  recover. 
As  a  rule,  however,  it  is  common  to  find  papillitis  attended 
with  considerable  derangement  of  vision.  1.  Vixual  acuity 
may  be  much  impaired,  or  may  even  be  reduced  to  mera 
\>erception  of  light.  2.  Colour  vlswn,  more  especially  for 
green  and  red,  may  be  considerably  interfered  with.  3.  The 
ri/iual  field  may  be  found  to  differ  from  the  normal  in  various 
ways.  The  blind  spot,  that  ia,  the  scotoma  corresponding  t/t 
the  optic  disc,  is  usually  enlarged.  The  field  for  white  may  be 
but  slightly,  if  at  all,  contracted,  whilst  the  field  for  green  may 
be  much  diminished  or  entirely  lost.  The  field  for  red  may 
iilsb  be  diminished,  Tliese  changes  in  the  visual  field  become 
mure  marked  as  the  atrophic  changes  set  in. 

Both  eyes  are  usually  affected,  but  the  vision  is  generally 
worse  in  one  eye  than  in  the  olher  at  the  same  time.  Tba 
appearance  of  a  central  scotoma  for  colours  (such  as  is  found  in 
tobacco  amaurosis)  is  rare.     Failure  of  vision  usually  comes  on 
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gradually;  in  sonit-  rafies,  however,  it  liiis  been  known  to  lie 
»ery  considerable  in  the  coiirse  (if  a  few  days. 

When  blindness  supervenes,  a;;  it  unfortunat»*ly  often  does, 
it  generally  does  so  gradually. 

Pathology  of  papUliiin. — If  we  examine  the  optic  nerve 

microscopically,  by    making    horizontal   and   vertical   sections 

through  the  region  of  the  optic  disc  of  an  eye  removed  during 

the  acut«  stage  of  papillitis,  we  find  iilt  the  trabecuhir  tissue, 

the   neuroglia,  and   the   blood-vessels,  infiltrated  with  freely 

[rfjiining  nuclei.     Tliere  is  often,  also,  considerable  cwlema  of 

the  trabecular  tissue.    Ilie  iutersheath  space  of  the  optic  nerve 

is  also  affected ;  it  may  be  distended  with  fluid,  and  contain 

only  a  few  inflammatory  nuclei,  or  there  may  be  little  or  no 

fluid,  but  many  nuclei.     The  intraocular  ()ortion  of  the  nerve 

(jmpilla)  is  found  to  be  swollen,  and  to  bulge  forwards  into  the 

vitreous  cavity.    In  thus  starting  forwarils,  it  often  causes  8e[Ki- 

ration  of  the  retina  from  the  choroid  near  the  edge  of  the  disi-, 

0  as  to  give  to  the  section  of  the  inflamed  i»apillu  ii  peduncn- 

P  lated  Uji{H.'arance.     Figs.  2   and  3,  opposite  p.  I6R,  nre  drawn 

.  from  well-murked  specimens  of  optic  neuritis  occurring  in  a  case 

■  flf  acute  meoingitis.     These  were  hardened  in  Miilier's  fluid 

land  stained  with  logwood.     On  comparing  them  with  fig.  1, 

Iwhich  represents  a  vertical  section  of  the  normal  disc,  similarly 

repared,  the  greatly  increased  number  of  nndei  is  evident 

[Iwih  in  the  vertical  and  the  transverse  sections.     In  the  latter, 

i  will  also  be  ol>sen-cd  that  the  intersheatb  sjiace  is  crowde<l 

firitb  these  structures. 

This  condition  of  hyjiemucleation  of  the  nerve,  nerve  sheath, 
luid  papilla  is  more  marked  in  cases  of  meningitis  than  in 
■ijwpillitia  arising  from  other  causes.  Recent  observations,' 
■Slowercr,  tend  to  prove  that  in  all  cases  of  papillitis  there  can 
Itlinally  be  found  more  or  less  hy)>emncIeution  in  the  o|>ttr 
c  trunk,  as  well  aa  in  the  papilla ;  this  may  be  more  abun- 
fdent  at  the  disc  than  in  the  nerve  trunk,  or  x-lce  vrrKii, 

The  causes  of  papillitis. —  1.  Intracranial  dineaees  arv  by 
lar  the  most  frequent;   they  are  said  to  give  rise  to  at  leait 

■  Virts  Qowen  on  Mtdicat  0/ikthalm/in>*pr,  lUl:  kUo   Hnille}',  Wkliir 
UmaaAi,  Steplien  Unckrniir!.  nnil  l.«l>«r  ia  the  Trani.  la/rrtiat.   ituJ.  Cmtg 
WlMi,  nod  the  Tt«h,.  a/  OjiitMa-  S-c    I@I<1  and  U»>1. 


to  Uie  cavise  of  pai>niiti!«  in  cerebral  diwitM*  mi'6 
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four-lifiliB  of  the  cases  of  jjiipillitis  (M  nut  liner).  Of  tliese  the 
lupat  cotiimon  is  cerebral  tumoiir.  Next  id  frequi-ncy  come 
meningitis  and  otlier  inSuuiuiutory  affections.  Then  follow 
abscess  of  the  bniin,  hydatid  disease  of  the  brain,  iind  cerebral 
softening  from  vascular  obatrucfiou.  2.  BemU  disease — albu- 
miunria,  glycosuria.  3.  Local  leeione  of  the  eye — e.g.  ulcer  of 
the  cornea.  4.  Lead  pvisojtinrf.  5.  En-ora  of  refraclivn,  more 
especially  hyjtenueti'upia  and  astigmatism.  6.  Amenoii-hicat 
anixmia,  and  other  morbid  states.  7.  Loctd  lesions  in  tlt« 
orbit  may  cause  the  unilateral  form.     8.  Si/lihUls. 

The  theories  a 
ehi.'fly  ns  follow  : 

1,  T/it  medianical  liieory  of  Graefe.  a6<siinied  »enoa»  obstmctioa 
fi'uin  increased  intracranial  pressure  afl'ecting  the  cavornovu  siniin. 
Tills  view  is  now  abandoned,  becnii^«  free  anastomosis  has  been  de- 
monstrated between  the  orbital  and  facial  reins,  and  because  large 
tiimoiir»  of  the  brain  may  exist  with  very  little  |i)ipil]itia  ;  while,  on 
the  other  hand,  tnmoiira  too  sniiLll  to  apprecinbly  increiuie  the  CJ«nial 
contenU  frequently  proiliice  pupiUitis. 

'2.  i/'Tns'aasigiieildi-opAyoFtheintei'sbedth  space  of  the  optic  nwve 
to  be  the  ctiuse.  This  he  considered  to  be  due  to  admission  of  th» 
cerobro-epinal  fluid  in  cases  of  intracranial  pi-e^«siire,  or  increase  of 
saluraclinoid  fluid.  Tlii&  theory  is  suppji'ted  by  Dr.  Broadbent'  and 
othoi-s. 

3.  Sdiandl,  however,  found  thtit  a  coluure^l  iiijectinn  passed  from 
the  sheath  space  intu  the  lyuiph.itics  of  tlie  papilla  at  the  laminft 
eribriisa ;  and  he  considered  the  inflammiitinn  to  be  produced  not 
alone  by  the  pressure  of  the  fluid  in  the  inturshwith  spiice,  but  by  it* 
pressure  in  these  lymphatic  spaces. 

4.  ^^' conMders  the  inflammation  to  be  caused  not  at  all  by 
the  preaiure  of  the  fluid  in  the  sheath,  but  by  the  conveyanc*  at 
jHil/iogmic  tnaterial  in  that  fluid  t«  tlie  optic  nerve  at  the  back  of 

5.  I>r.  If  ughlings  Jackson  cousidere  (h«  most  plausible  liypotheeta 
to  be  lluit  first  projnsed  by  Hchwoller,  Tix,   that  a   cerebral  lumo 
acts  HB  a  source  of  iriitition  wliicli  hits  a  relies  iuSueuce  tlirougb  t 
taw-motor  nerves  upon  the  optic  disc,  leading  to  its  infljuamation.  j 

'  IhMttfh  An-h  f.  Kli».  Xnt.  vol.  n.  1871 

'  Tr-ilu.  Oyh.  Hoc.  viil.  [.  p.  lOS, 

*  Ducutidon  at  IntDTDittlaiial  Jdedical  Coiit;r(i««,  LunJui 
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This  theory  is  rejected,  however,  by  most  writers,  on  the  ground  that 
we  possess  no  anatomical  knowledge  of  such  nerves. 

6.  Galezowski  believes  that  the  inflammation  is  in  all  cases  pro- 
pagated by  continuity  of  tiasue.  This  theory  is  strongly  supported 
by  Dr.  Brailey,  Dr.  Walter  Edmonds,  and  others,  including  myself, 
who  have  had  opportunities  of  examining  a  large  number  of  cases 
microscopically. 

TreatTTient  must  be  directed  as  far  as  possible  to  the  removal 
of  the  cause  of  the  affect  ion.  The  various  intracranial  diseases 
must  therefore  be  treated  by  appropriate  measures  indepen- 
dently of  the  papillitis,  which,  although  serious  on  account  of 
its  pernicious  effects  upon  the  vision,  is  still  only  a  symptom. 
The  same  rule  api)lies  to  other  causes.  The  eyes  should  be 
protected  from  bright  light  by  the  use  of  neutral  tinted  glasses. 
When  no  satisfactory  cause  can  be  found  for  the  existence  of 
papillitis,  the  use  of  mercurials,  short  of  salivation,  and  of  iodide 
of  potassium,  is  advisable. 

Optic  neuritis  is  occasionally  met  with  in  young  g^rls  from 
fifteen  to  twenty,  and  the  cause  usually  assigned  is  some 
irregularity  of  the  menstrual  function  ;  often,  however,  careful 
inquiry  fails  to  elicit  any  history  of  this.  The  neuritis  is 
generally  preceded  by  severe  headaches,  and  the  prognosis  as 
r<»gards  sight  is  extremely  unfavourable. 

Atrophy  of  the  Optic  Nerve. — Symptoms.—  \.  Pallor  of  the 
optic  disc  is  one  of  the  first  signs  of  atrophy  of  the  optic  nerve 
(see  figs.  1  and  2,  on  the  opposite  page) ;  the  usual  slight  rose 
or  i)ink  tint  has  become  diminished  or  is  altogether  lost.  The 
(lirrct  method  of  examining  with  the  ophthalmoscoi)e  is  the 
})est  here,  and  the  details  of  the  papilla  can  often  be  best  seen 
when  a  feeble  illumination  is  used.  The  various  apj)earances 
of  the  healthy  eye  (see  p.  166)  should  be  borne  in  mind  when 
making  the  examination ;  and  it  must  not  be  forgotten  that,  as 
b(*fon»  mentioned,  a  very  white-looking  disc  occasionally  occurs 
in  a  perfectly  normal  eye.  As  a  rule,  however,  the  pallor  of 
th(*  disc  is  in  pr()i)f>rtinn  to  the  amount  of  atrophy  present. 

2.  Diminution  of  visval  acuity  almost  invariably  takes 
place  from  the  onset  of  the  affection.  Its  mte  of  progress  is  also 
subject  to  variation  ;  as  a  rule  it  proceeds  slowly  towards  total 
Mirj'.lncss,  !)ut  it  may  become  more  mpid  and  lead  to  this  result 
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in  a  i-ompamtively  Hhort  time ;  on  the  other  Iiand,  it  occaaion- 
iilly  becomes  stationary. 

3.  Impaired  colour  vinon  is  an  almost  constant  s^inptom. 
The  patient,  at  first  finds  a  difficulty  in  rect^ising  green,  anil 
if  asked  to  match  a  pure  green  with  the  confusion  colours  for 
^een  {see  Colour  Vision)  he  will  be  lurnhle  to  do  so.  Green 
appears  to  him  to  he  a  grey  or  yellow,  ?'urther  than  this,  tin- 
progress  of  the  disease  is  marked  by  gradually-increasing  trouble 
ju  the  perception  of  colours.  Next  the  red,  and  then  the  yellow, 
am  no  longer  be  recognised  with  any  degree  of  certainty,  thus 
leaving  only  the  jwwer  of  diseeming  blue.  Finally,  this  also 
disappears,  and  the  colour  blindness  is  complete. 

4.  Alterati&n8  in  tht  visual  field. — The  failure  of  \~isuul 
acuity,  already  mentioned,  is  usually  accompanied  by  more  or 
less  contraction  of  the  vimuil  field  for  white ;  this  generally 
consists  in  a  regular  contraction,  the  outline  of  which  is  con- 
centric with  the  macula;  it  may,  however,  take  the  form  of  a 
sector-like  defect,  or  one-half  of  the  field  (apart  from  the 
hemiopia  of  cerebral  disease)  may  be  lost ;  lastly,  the  alter»tion 
may  consist  in  an  irregular  scotoma  in  the  midd'e  of  the  field. 
Again,  it  is  frequently  found  that  the  ll}fut3  of  the  fiM,  fur 
coloum  are  also  contracted.  By  the  method  of  testing  indi- 
cated in  the  chapter  on  ]>erimetry  we  find  that  the  field  fur 
green  becomes  smaller  by  degrees,  and  finally  disajijwors.  With 
the  progress  of  the  atrophy  this  contraction  of  the  field  for 
green  is  followed  by  a  similar  limitation  for  red,  then  for  yellow, 
and  finally  for  bine.  Fig.  2,  opposite  p.  216,  shows  the  com- 
mencing concentric  contraction  of  the  field  for  colours.  Fig.  1, 
opposite  p.  206,  shows  a  more  advanced  condition  of  atrophy,  in 
which  only  the  field  for  blue  is  left,  and  even  that  is  less  than 
normal  in  extent.  The  contraction  of  tho  field  for  colours  is, 
in  fact,  more  constantly  found  than  that  for  white. 

CfflMww. — .\trophy  of  the  optic  nerve  may  be  a  primary 
change,  it  may  be  aeeomiary  to  some  previous  lesion,  or  it  may 
be  coiiatcutivt  to  papillitis. 

Primary  atrophy  often  comes  on  without  any  apparent 
cause.  It  is  more  common  in  males  than  in  females.  It  i« 
often  associatr^]  with  spinal  diseases,  of  which  the  most  ini- 
{lortant  class  in  that  connected  with  tabes  dorsalis.     It  is  also 
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I  taiisvd   by  otber  diseases,  aa   syphilis,  diabetes,  intermittent 
fever,  cold,  and  menstrual  irregularity.     It  is  sometimes  con- 
genital and  hereditary.    Lastly,  certain  toxic  agents,  as  tobacco, 
;ohol,  and  lead,  often  uiuse  amblyopia,  and  may  canae  partial 
'   or  complete  atropby. 

Secondary  atrophy  is  the  resnlt  of  tiome  lesion,  either  of  a. 
portion  of  the  brain  (cerfbral  centre),  from  which  the  optic 
nerves  arise,  or  of  some  ^mrt  of  the  optie  nerve-Bbrea.  [Sef 
Hemiopia.)  Pressure  on  the  chiasma  from  various  causes, 
lesions  affecting  the  optte  nerve  in  the  skull  and  in  the  orbit. 
(  and  blows  upon  the  head,  may  all  induce  secondary  atrophy. 

Consecutive  itlropki/  is  that  form  which  results  from  j«ipil- 
I  litis  (post-papillitic). 

Microscopic  examination  of  the  atrophied  nerves  shows 
I  tbiit  the  atrophy  is  not  confined  to  the  optic  disc.  The  fibres 
I  and  the  connective-tissue  elements  of  the  nerve-trunk  present 
[  various  degrees  of  wasting.  As  a  rule,  these  elements  aw 
I  increased,  and  the  nerve-fibres  partially  or  totally  destroyed. 
J  In  some  cases  the  latter  appear  to  be  partially  replaced  by 
I  particles  of  fatty  matter. 

ProffiiosU  is  always  unfavourable,  especially  in  cases  where 

lh*i   cause   of  the   affection   is    beyond   control.      Progressivi- 

atrophy  usually  attacks  both  eyes,  and  terniinates  very  often 

in  complete  blindness.     Perimetric  observation  of  the  visuul 

I  field  at  slated  intervals  gives  the  best  tudicution  of  the  progress 

[  ftf  the  disease.     Those  forms  in  which  the  visual  field  is  not 

I  concentrically  contracted,  but  diminished    in   one   part   nion- 

I'than  another,  are  the  least  pernicious. 

Tre(UmeiU  is  frequently  of  no  benefit. 

The  omtHnuoua  voltaic  current  has  been  tried  by  Kemak. 
I  fienedict,  Pye-Smith,  Gunn,  and  others,  with  the  effect  of  somi- 
l>rc«tonition  of  vision.  The  current  must  be  varied  in  strength 
r according  to  the  susceptibilities  of  the  patient.  About  sis  or 
I  right  cells  of  a  Stohrer's  battery  can  usually  be  borne  j  but  it 
I  f«  well  to  be  very  cautious  in  the  appli(>ation  of  this  remedy, 
u  a  comparatively  weak  current  sometimes  produces  vertigo 
lod  other  symptoms,  which  are  very  alarming  to  the  patient. 
I  Tlie  [Mtritive  pole  is  placed  over  the  mastoid  process,  and 
L  the  negative  pole  ujwn  the  closed  eyelids.     The   current   is 
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continiipd  for  five  minutes  at  each  Bitting,  and  is  repeated 
daily.  Dr.  Gowers  states  tliat  he  has  tried  this  treatment  iu 
Ttmny  ciisec,  but  without  results  which  could  reasonably  be 
ascribed  to  the  treatment. 

The  hypodermic  injection  of  atrychnine  is  advocated 
Nagel  and  others.     He  injects  about  1  milligramme  «f  the  snl- 
jihate  of  strychnine  dissolved  in  10  minims  of  distilled  watef^ 
every  second  day.     If  there  is  no  improvement  by  the  end 
MX  weeks,  the  treatmeni  can  be  discontinued  as  useless. 

Genrral  trmtmeiii  is  according  to  the  evident  or  probable 
cHUse  of  the  affection — e.g.  the  removal  of  toxic  influences, 
abstiuetice  from  eseesaea  of  all  kinds,  &c.  Where  syphilis 
sns[tected,  the  appropriate  treatmeut  for  tliis  disease  should' 
he  carried  out.  Counter-irritation,  as  by  setons  and  blisteiBj:] 
Ifjeal  leeching,  and  aperients,  are  occasionally  beneficial. 

Hffimorrhages  of  the  optic  neire  are  considered  to  take  ph 

■  ■ccasidnally,  (I)  into  the  intersht-ath  space,' and  (2 J  into 
interstices  of  the  nerve  behind  the  disc.  They  are  very  rare. 
Their  chief  character istic  is  I  be  occurrence  of  sudden  blindneua, 
which  is  unaccoin[>anied  by  any  immediate  physical  signs  of 
disease,  either  of  the  fundus  oouli  or  of  the  brain.  They  are 
oi'castonally  recovered  from,  but  are  geuerally  followed  by  optic 
nerve  atrophy. 

Opaque  Iferve  Fibres. — As  we  have  seen  (p.  166),  the  normal 
optic  nerve  fibres,  having  passed  through  the  lamina  cribn 
become,  as  a  nde,  entirely  deprived  of  their  medullary  sbenti 
and  are  quite  transparent  both  in  the  papilla  and  in 
In  some  cases,  however,  it  is  found  that  the  medullary  shea) 
are  persistent,  and  may  be  seen  with  the  ophthalmoscope 
iipaque,  brilliant,  white  patches,  occupying  more  or  less  of 
area  and  circumference  of  the  disc,  and  extending  towards 
periphery  of  the  fundus  in  comet-like  processes.     8ometJmi 
'inly  n  single  ])atch  exists,  forming  a  anowy-white  sjKit  on 
edge  of  the  disc;  in  other  cases  there  are  several  of  these;  n 
tisunlly,  however,  the  oparjue  nerve  fibres  are  most  visible  wl 

■  he  tibres  are  cat urally  most  abuudnnt,that  is,  in  tb< 

jv.  part  i,  p.  SOS;  .Vbwile,  l/nimi  i 
n  intrrciiitig  ewe  b;  Dr.  8Ilcoek,  1 
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rof  the  chief  divisions  of  the  retinal  artery.  lu  many  cases  tliey 
[  have  a  distinctly  fibrillated  appearance,  more  especially  towards 
I  their  free  edges.  They  can  be  distinguished  from  morbid  pro- 
[  ducts  by  their  brush-like  extrtmities  and  the  fact  that  they  tirp 
I  in  front  uf  the  rethuU  vrase/*,  and  some  part  of  the  retinal 
I  artery  can  be  seen  to  be  embedded,  as  it  were,  in  the  midst  of 
I  the  opaque  fibres.  They  hardly  ever  occupy  the  region  of  the 
[■ycUow  8j)ot. 

Vijtufd  acuity  may  be  quite  normal  as  far  as  the  opaque 
I  fibres  are  concerned,  although  this  affection  is  often  acconi- 
I  pnnied  by  other  abnormal  conditions,  as  bypermetropin,  autig- 
I  matism,  Ac,  which  may  cause  deterioration  of  vision.  The 
I  vimtaljiflil  also  is  normal,  with  the  exception  of  the  blind  spot, 
1  which  is  generally  large  and  irregular  in  proportion  to  the 
I  extent  of  the  patch  or  patches  of  opacity.  Figs.  1  and  2,  on  the 
I  Ol>pOBtte  page,  represent  two  unusually  well-marked  esaciplr's 
I  of  opaque  nerve  fibres. 

iMhsemia  of  the  retina  signifies  a  sudden,  often  total,  arrest 
[  of  the  retinal  blond-current,  accompanied  by  entire  lossofsiglil. 
I  Jt  is  unattended  by  any  lisKue-change  of  the  retina  and  optic 
[  nerve.     Both  eyes  are  usually  affoeted. 

Syviptoirui.—'Vhi:  optic  disc  is  i>ale  or  white.  The  arteries 
I  are  either  completely  empty  and  reduced  to  fine  white  threads, 
\tit  they  may  contain  a  delicate  euntiuuoua  column  uf  blood, 
I  which  is  Been  as  a  red  line  in  the  axis  of  each  vessel,  or  they 
I  nay  be  emji^y  in  certain  parts  and  contjiin  a  little  blood  in 
l.other  partA.  The  veins  are  generally  smaller  than  normal,  and 
iRuiy  be  more  contracted  in  one  part  than  another.  The  affec- 
BtJon  is  very  rare.  It  is  said  sometimes  tjj  bo  present  during  an 
I  epileptic  seiinre, 

Embolism  of  the  central  artery  of  the  retina  may  occur  in 
I  the  tnmk  or  its  br.nnlns,  and  may  be  complete  or  iiartial.    Ttie 
ot  ii4  usually  just,  behind  the  laminu  cribro&a. 

Symptoms. — Sudden  unilatirul  blindness,  which  may  have 

^en   preceded    by   temporary   obscurations,      i^upposing   the 

trunk  of  the  artery  to  l>e  affected,  we  find  by  llie  nphlhiilnio- 

Etcope   that   the   arteries  are   extremely  shrunken,  and   their 

lallrr  branches  invisible.     Thi>  veins  aUo  are  reduced  in  tii/.e, 

llnil  more  BO  at  the  optic  disc  tliau  in  the  rest  of  their  cour^'. 
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Kitriietiiiies  a  broken  column  of  blood  can  Ik?  seen  in  the  veiu», 
and  then  during  the  first  few  days  an  oK^illatory  movement  of 
the  blood  can  somelimes  be  observed.  Pressure  upon  the  globe 
will  not  produce  pulsation  either  of  the  arteries  or  the  veins. 
Hiemorrbages  are  few  and  slight.  The  characteristic  feature  i» 
a  greyish-white  opacity  surrounding  the  region  of  the  macula  ; 
this  is  several  times  the  diameter  of  the  optic  disc  in  breiulth, 
and  is  marked  at  its  centre  by  a  chemj-r&l  spot  corresponding 
to  the  position  of  the  fovea  centralis.  Asimilarwhite  haze  often 
surrounds  ihe  papilla.  The  brilliancy  of  the  red  spot  at  the 
fovea  is  not  of  equal  intensity  in  all  cases;  sometimes  it  is 
speckled  with  grey  ;  usually,  however,  it  is  of  a  bright  cherry- 
red  colour,  and  is  either  circular  or  oval.  Its  red  hue  is  not 
due  to  effused  blood,  but  is  produced  by  contrast  between  the 
white  haze  of  the  surrounding  retina  and  the  red  colour  of  the 
blood  in  the  choroid  being  seen  through  the  thin  fovea  centralis. 

.\ffer  some  weeks  the  retina  becomes  again  clear,  and  the 
optic  nerve  takes  on  the  whit*  appcjiranee  of  atrophy.  The 
clierry-red  spot  at  the  fovea  is  then  less  marked ;  there  are' 
generally  a  few  sjiecks  and  traces  of  dejiosit  in  the  retina. 

As  a  nile  there  is  no  sight  at  any  time,  although  a  few  eases 
are  recorded  in  which  some  perception  of  light  has  reappeared 
after  a  short  time  in  the  outer  part  of  the  field. 

Fig.  1 ,  on  the  opposite  page,  copied  from  Liebi'eieh's  atlas, 
represents  the  appearance  of  this  affection.  In  one  or  two  cases 
that  I  have  seen,  however,  the  ojKlcity  of  the  ri-tina  in  the* 
region  of  the  macula  and  of  the  optic  disc  was  decide<ily  mon- 
marked  than  this,  and  the  voins  were  less  visible.  If  a  branch 
onlif  of  the  retinal  artery  is  obstruoted,  the  cloudy  opacity  is 
localised,  and  only  the  corresp'inding  part  of  the  retina  sufferit. 
This  is  indicated  by  a  scotoma,  which  may  vary  in  ejil«nt  from 
a  mere  spot  to  half  the  visual  field. 

The  cauHes  are  chiefly  cardiac  valvular  diseases.  It  is  alsw. 
more  rarely,  caused  by  albuminuria  and  a<lvanctKl  pregnancy. 
It  is  probable  that,  in  many  cases,  as  suggested  by  Mr.  Prieslloy 
Smith  ('Ophth.  Keview,'  1884),  the  clot  is  formed  m  the  artery, 
and  would  therefore  bo  more  correctly  termed  thrombosis. 

TliK  pf<i[{ni}»i8  is  very  bad. 

Hetinal  Hsmoirhsgei  may  ootfur  without  intlaumiation.  The 
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F^nmher,  nsi>ecf,  and  extent  of  these  estravasatkms  varj  iudefi- 
I  nitely ;  they  may  be  divided  into  superficial  and  deep  varieties. 
The  superficial  naturally  oecnr  in  the  course  of  the  vessels  in 
I  the  nerre-fibre  layer,  and  hence  present  a  striated  aajwct.    TIir 
deeper   extravasations  of  bhmd  pass   backwards  between   thc 
[  fibres  of  -Miiller ;  they  are  not  striated,  but  are  seen  as  irreguliir 
[  rounded  masses  ;  they  vary  in  volume  and  depth,  but  ui^ually 
I  occupy  only  the  intergranular  layer.     Occasionally  the  blood 
I  passes  forwards  into  the  vitreous  body,  or  backwards  between- 
•  retina  and  choroid.     HoTnorrhage  in  the  reffiryn  of  the 
yellow  apot  deserves  special  mention  on  account  of  its  fre- 
quency and  importance.     This  is  a  rounded  or  elliptical  patch 
[  of  varied  ertent ;  it  is  u sua Jly  about  three  or  four  times  th« 
B  of  the  optic  disc.     Smaller  haEmorrhagic  points  are  often 
I  seen  in  its  neighbourhood.    The  retina  is  never  raised,  and  tlif 
estntvasatiou  is  never  deep.     The  absence  of  nerve  fibres,  and 
of  any  considerable  vessels  in  this  region,  explain  these  peru- 
[  liarities.     The  frequency  of  return  of  visual  acuity  also  shows 
[  the    ^lightness    of   the   lesion    as  regards   the    cones   and    the 
I  ganglion-cells  ;  indeed,  it   is  [wssible  ihtit  the  blood  has  not 
I  cxtravasuted  within  the  yellow  spot,  but  from   some   marginal 
pssel,  and  that  it  has  filtered  between  the  retina  and  th*^ 
'  vitreous   body.     If  resorption    occiirs,   the   clot   become.-f   de- 
I  oolorised  centripetaliy.    If  the  resorption  be  incomplete,  whitf 
[  patches  remain,  mixed  with  more  or  leas  pigmented  matter. 
I  Tliis  is  after  large  or  repeated  hsemorrhages.    ^\'be^  the  macnla 
[  it,  atfected  the  central  vision  is  suddenly  imjiaired  or  lost.   Thin 
miiy  not  be  an  absolute  central  scotoma,  but  is  often  a  uniform 
1  cloud,  covering  objects  in  fiT>nt  of  theeye.   If  into  the  j>eripherv, 
[  the  visual  field  is  affected  accordingly. 

The  causes  of  retinal  htemorrhflges    may  be  classified  a* 
[  follows: 

1.  Injuriea,  such   as  blows,  vounds  nf  the  eye,  causing 
I  niddou  alteration  of  the  intraocular  tension,  aa  when  there  is 

escajte  of  aqueous  or  vitreous  humour. 

2.  DerangeTTients  of  the  vawuhr  syntt^m. 
General  arterial  sclerosis. 
Heart  disease,  ei])ecially  milml. 
Einholisra  and  thrombosi*  of  small  arteries. 
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Miliar;  aneiirisras. 

Fatty  degeneration  (after  endarteritis). 
3.  Alteration  in  the  quality  of  the  blood. 

Diabetes. 

Album  ID  una. 

Le  ucocy  th  a'ln  ia. 

Pernicious  anosmia. 

Purpura  and  scurvy. 

Hiemorrbugic  diatbesia. 
Rome  of  theae  conditions  also  give  rise  to  inflammatory 
ehflnges,  and  will  be  referred  to  again  later  on.  Retinal 
hwmoirbage  occasionally  occurs  in  young  persons.  It  is  usually 
central,  extensive,  and  relapsing.  The  aubjecls  of  it  are  gene- 
rally feeble  or  aniemic ;  they  ore  also  frequently  myopic, 

B^tinitis. — Inflammation  of  the  retina  seldom  occurs  idio> 
pathically;  it  ia  usually  the  result  of  some  constitutional  dys- 
crasia,  us  albuminuria,  glycusuria,  syphilis ;  or  else  it  is  i-aused 
by  extenflion  of  au  inflammation  from  the  neighbouring  choroid 
or  ciliary  pnweEsea.  We  shall  couaider  retinitis  under  three 
chief  headings: 

1.  Albuminuric  retinitis  and  its  allied  forms  occurring  in 
glycosuria,  leiicocythiemia,  &c. 

2.  Si/phiJ Hie  retinitis. 
.3.  Plyiiieiitnry  retinitis. 

Albuminnrio  Retinitia.' — Ophthalmoneoj/tc  ai-fna. — In  the 
early  stage  of  the  affi-ction  we  find  a  dull  grey  hazu  all  over  the 
central  ngiun  of  llie  fundus.  The  papilla  is  somewhat  swollen 
ami  its  outline  blurred.  There  are  geneniUy  some  hieniorrliHgi-s 
in  the  region  of  the  disc,  and  a  few  soft-edged  white  [tatchea 
can  be  Been  in  various  parts  of  the  retina.  After  a  few  wecVa, 
when  the  afiection  is  established,  we  find  (1)  White  gpot»  w 
2)<ilche8,  Rometiuies  as  email  as  a  pin's  head,  more  or  less  col- 
lected into  groups  around  the  yellow  bjk)!  (see  fig.  I,  ojiiwsite 
p.  1 90).  Sometimes  they  ussiime  the  form  of  white  or  yellowish- 
white  strife,  arrEDged  in  a  radiating  manner  around  the  same 
focus.  Ijirger  8|jotK  than  theae  of  the  ma<nilar  region  arc  found 
scattered  over  the  fundus;  when  ofcmring  in  the  vicinity  of  a 
vessel,  they  are  usually  found  to  cover  it.  (2)  IlimnorrhitijrM 
ftre  UKUAlly  found  j  tbest;  tuay  be  small  and  point-like,  but  Ihcy 
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are  iisuiilly  striated  and  torch-like  in  appearance.  Thpy  vary 
in  L'olour  according  to  the  length  of  time  which  may  have 
elapsed  since  their  extravasation,  the  most  recent  being  of  a 
liright  arterial  red  colour,  whilst  the  oldest  are  of  a  yellowish- 
wliite,  ffaxy  appearance.  As  a  rule  they  run  parallel  with  the 
larger  vessels,  although  the  particular  vessel  from  which  the 
blood  is  extmvasated  can  seldom  be  seen.  When  large  tliey  are 
irregular  in  shape,and  extend  to  the  deeper  layers  of  the  retina. 
(:()  The  optic  paj/Ula  may  be  only  slightly  affuofed,  but  is 
usually  swollen,  hazy,  and  blurred  in  outline.  In  occasional 
ciisi'S  there  is  peri  vase ularitis,  in  which  the  arteries  or  veins,  or 
both,  a|n>Gar  as  opaque  white  streaks,  or  present  a  wliitixh  halo 
along  their  course  through  which  the  contained  blood  can  be 
dimly  seen.  Detachment  of  the  retina  sometimes  occurs,  hut 
it  is  not  common.  In  most  cjises  we  find  that  one  or  other  of 
these  changes  predominates,  and,  according  to  the  most  con- 
spicuous feature.  Dr.  Gowers  '  proposes  to  distinguish  four  types 
of  cases— the  degenerative,  the  hajmorrhagic,  the  inflammatory, 
and  the  neitritic. 

Both  eyes  are  always  affected,  but  the  leaion  is  almost 
always  more  marked  in  the  one  eye  than  tn  the  other. 

FtnuUUnuU  dUturbanwa  do  not  always  corresjwnd  with  the 
ophthalmoscopic  signs.  It  is  not  uncommon  to  find  coniiider- 
ahle  n-tinal  disturbance  with  only  slight  amblyopia;  and  on  the 
Ather  liand,  the  retina  may  appear  to  be  but  slightly  affectedi 
whilst  the  patient  can  luirdly  see  sufScientty  to  find  his  way 
about.  The  gravity  of  the  functional  distiu-bancc  depends 
greatly  upon  the  region  affected;  so  long  as  the  yellow-spot 
region  remains  intact  the  visual  fu'uity  is  tolerably  good,  but  as 
Koiiu  as  this  jhirt  is  attacked  the  central  vision  immediately 
Buffers, 

Fig.  1,  opiwsite  page  190,  is  taken  from  a  case  of  chronic 
Itright's  disease  which  was  under  my  care  at  the  Westminster 
(>])bthalmic  Hospital.  Ttie  pnpilln  is  flwollcu,  and  its  outline 
quilr  indistinguishable.  The  retina  is  hazy,  and  the  retinal 
vessels  obscured  in  certain  parts.  Several  recent  elongated  and 
torch-Hke  hiemorrhages  are  seen  running  parallil  to  the  large 
vessels.  The  most  striking  feature  in  the  case,  however,  is  the 
'  MtdioaX  Ophthalmoienpj/.  [<.  Mi. 
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[(rtfsence  of  niitni^roua  wliit*  spots  occupying  the  region  of  Mn' 
iniicula,  and  of  larger  ijutcbea  of  a  similar  nature  towards  thf 
[leripliery. 

Fig.  2  of  the  same  plate  was  taken  from  a  case  of  advanced 
Bright'a  disease.  Tlie  drawing  was  made  by  ilr.  G.  L.  Johns'in 
and  myself  (from  nature),  It  shows  large  ha-niorrhages  in 
various  parts  of  the  fundus,  whitish  spots  in  the  yellow-spot 
region,  and,  what  is  most  remarkable,  it  presL-uts  o|>aque  white 
streaks  in  the  positioa  of  the  arteriex.  This  ease  was  under  the 
eare  of  Dr.  ^fules  of  Manchester,  who  has  already  published  it 
with  drawings,' 

Prognosis. — The  relation  between  the  progress  of  the  kidney 
affeetioii  and  that  of  the  retinitis  is  not  constant.  With  the 
improvement  of  the  renal  disease  there  is  usually  a  tendoncy 
towards  subsidence  of  the  swelling,  absnqition  of  the  de[X)sits 
and  extravasations,  and  recovery  of  vision.  The  lesion  of  the 
kidney  may  remain  stationary  or  become  aggravated,  whilst 
that  of  the  retina  may  disappear,  and  vision  be  le-ei^tablisbed. 
Kven  where  the  retinal  deposits  persist  there  is  sometimes  a 
very  considerable  improvement  in  vision.  On  the  other  hand, 
the  urine  may  be  almost  free  from  albumen,  but  the  retinal 
affection  get  worse  and  worse.  As  a  rule,  in  the  milder  form^ 
of  ulbumiuuria  the  lesions  of  the  retina  disapjiear  and  the 
sight  is  restored  ;  but  in  the  severer  cases,  where  then-  has 
been  swelling  of  the  optic  disc,  and  tjedenm  of  the  retina, 
the  loss  of  viision  is  very  great,  and  U  not  likely  to  miprove, 
although  it  may  remain  stationary.  Should  severe  atrophic 
changes  of  the  optic  nerve  supervene,  the  sight  may  be  perma- 
nently n-duced  to  an  extreme  degree  (Vi=5,  J  20,  or  ev<-ii 
fingprs  only). 

In  all  cases  where  albuminuric  retinitis  is  suspected,  the 
urine  should  be  reptotally  examined,  the  absence  of  albumen 
on  one  occasion  being  insufficient  to  disjirove  the  existence  of 
renal  disease. 

Fathologf, — Albuminuric  retinitis  is  most  commonly  found 
in  the  a^lvanced  form  of  contracted  granular  kidney  diseaw, 
although  it  is  not  a  very  frequent  complication  of  that  affect  ion 
(probably  not  more  ihiui  8  or  10  per  cent,).  It  occurs,  liow- 
■  Vidu  Tr»ia.  O^M.  Sto.  ml.  U.  p.  17. 
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fVM',  ill  other  renal  uSections,  and  in  ibe  albuminuria  of  preg- 
iiancy.  It  is  rare  in  cliildren,  but  sometimes  follows  scarlatinal 
nephritis. 

On  microscopic:  fxaminalion  of  the  affected  optic  disc  and 
retina,  we  find  (1)  The  axis  cjlinders  of  the  nerves  in  the  retina 
are  swollen  and  opaque  in  (Mirts.  (2 }  The  arteries  of  tJie  retina 
jiresent  thickened  patches  in  certain  parts  of  their  course,  and 
sexzlions  through  these  nodules  show  a  genenil  thickening  of  nil 
I  their  coats,  especially  of  the  sulw  n dot  li dial  part  of  the  intima, 
D  conuequence  of  which  the  outride  diameter  of  each  vessel  is 
touch  iDcreased,  and  its  lumen  diminished  or  entirely  oblitc- 
ftted;  indeed,  according  to  Brailey  and  Edmunds,'  some  im- 
pervious arteries  are  generally  to  Ijc  found  in  a  state  of  fibrous 
r  structureless  degeneration.  The  aipUlariea  aiao  present  a 
irked  degree  of  structureless  thickening ;  although  tbickeuL-d, 
flhey  arc  nevertheless  disposed  to  rupture,  and  thii^  is  proliably 
source  of  the  htemorrhages.  (3)  Blood  corjiusclea  are 
ind  more  abundantly  in  the  region  of  thesu  thickened  patchct 
Vtiian  in  other  parts  of  the  retina  ;  they  are  found  not  only  in 
ftijUte  inner  layers  of  the  retina,  where  the  capillaries  exist,  but 
bIso  in  the  intergranular  layer.  After  a  time  the  bsemorrhages 
thus  extravasated  are  seen  as  cryetaUvDe  masses  and  fatty  aub- 
tances.  (4)  Inflammatory  nuclei,  probably  of  the  neuroglia, 
*are  found  in  the  inner  layers  of  the  retina,  (5)  The  fibres  of 
MulUr  are  grtaily  thickened,  and  eejiarated  hy  sero-albuminous 
fluid.  Fig.  3,  opposite  p.  168,  is  taken  from  a  case  of  retinitis 
i)ccurring  in  chronic  Kright'a  diatiuse.  The  section  shows  most 
of  the  characters  above  mentioned.  The  nerve  fibres  in  the 
inn4>Tmo8t  layer  are  thicki'^ned,  and  that  hiyer  is  seen  to  contaht 
an  abnormal  number  of  inflammatory  nuclei,  in  addition  to 
numerous  red  blood  corpuscles.  In  the  same  [uirt.  one  of  the 
arteries  ie  seen  to  be  greatly  thickened  in  structure.  In  the 
intcrgranular  layer  numerous  hlood  cor])U8cte3  arc  seen,  »ls<i 
crystalline  masses  of  altered  blood  or  other  exuviation.  Fig.  3 
in  tiie  Slime  plate  shows  a  patch  of  hiemorrhage  taken  fmm  n 
retina  in  which  the  signs  of  inHikmrnation  were  less  marked. 
The  presence  of  an  aggregation  of  red  blood  corpuscles  i»  the 
only  abnormal  sign. 
^^^^  ■  Vido  Ojriitk.  Trtuu.  vol.  i.  p.  IS. 
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Treatiiient.—'YXie  general  treatment  must  be  directed  to  the 
renal  affection.  Ijocally,  the  use  of  smoked  glasses,  and  rest  t« 
t)ie  eyes,  is  all  that  can  be  advised. 

Diabetic  Betinitis  is  very  rare,  and  is  90  similar  to  the  albu- 
minuric form  that  it  is  almost  impossible  to  distinguish  the  one 
from  the  other  by  means  of  the  ophthalmoscope  alone.  The 
prognosis  is  very  unfavourable.  The  treatment  must  be  en- 
tirely directed  to  the  diabetes.  Local  blood-letting,  by  leeching 
or  other  means,  blisters,  scarifications,  &c.,  are  more  likely  to 
do  harm  than  good. 

Lenoocythtemio  Betinitis  was  first  noticed  and  dencribed  by 
Liebieicb.  It  is  characterised  by  the  existence  of  yellowish, 
rounded,  hfemorrhagic  spots  or  patches ;  these  occur  in  the 
region  of  the  macula,  uud  at  the  periphery  of  the  fundus ;  they 
are  perceptibly  prominent,  and,  when  examined  by  the  direct 
method,  they  may  be  seen  to  project  info  the  vitreous  cavity. 
In  the  majority  of  cases  whitish  streaks  can  also  be  seen  along 
the  course  of  the  retinal  vessels.  Various  scotomata,  corre- 
s|xinding  to  the  j)osition  of  the  whitish  patches,  are  found  to 
exist  in  the  visual  field.  The  normal  orange-red  colour  of  the 
whole  fundus  is  frequently  changed  to  that  of  a  paler  orange- 
yellow.  The  ajwts  and  streaks  are  due  to  accumulations  of 
leucocytes  which  have  escaped  from  the  walls  of  the  vessels 
by  diapedesis,  and  the  change  of  tint  of  the  whole  fundus  is 
caused  by  the  altered  condition  of  the  blood  in  this  disease 
(0.  Becker). 

This  affection  is  by  no  means  constant  in  leucotytliBemiii ; 
it  only  occurs  in  from  20  to  30  per  cent,  of  the  eases,  and  these 
are  mainly  in  the  splenic  form.     Treatment  must  he  genernh 

Syphilitic  Retinitii  is  motitly  associated  with,  and  secondary 
to,  choroiditis.  A  descriplicin  of  si/philitic  choroido-retitiHia 
will  be  fimnd  on  p.  138.  Occasionally,  however,  we  meet  with 
isolated  syphilitic  retinitis. 

SymptomM.—  Ojiktkalmotctyinr  'xaminatinn  shows  a  rlmul^ 
vpacity ;  this  may  he  confined  to  the  region  of  the  yellnw  8|)ot 
and  optic  disc,  or  rnay  extend  over  a  larger  area  of  (he  fundns, 
or  it  may  follow  the  course  of  the  larger  retinal  vessels  in 
the  form  of  cloudy  stn-aks.  The  peripIuTy  of  the  retina  is 
usually  clear  and.  visible.      Occasionally  the  disc  is  swoUen. 
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H»ttto^^hagea  art  very  rare.  Very  often,  as  in  c boroi do-ret i nit  is, 
we  tind  numerous  fine  '  dust-like'  opacities  situated  in  the 
deeper  [lortions  of  the  vitreous,  near  the  posterior  pole  of  the 
This  vitre<yu»  hazt  is  apt  to  be  mistaken  for  optic  neu- 
is  Or  neuro-retinitie,  unless  ca.re  is  taken  to  use  the  plane 
or  in  the  manner  indicated  on  p.  135.  Larger  Boating 
icilies  of  the  vitreous  are  also  common,  and  not  unfrequeutly 
re  iiuiy  detect  the  signs  of  recent  or  old  iritis  in  the  pupil. 
The  eniallest  traces  of  pigment  upon  the  front  of  the  lens,  or  of 
ndhesion  of  the  iris  to  tlie  lens,  are  enough  to  establish  this. 

Failure  of  vision  is  very  marked  from  the  first,  and  may,  if 
the  ease  is  left  untreated,  go  on  to  complete  blindness.  This 
failure  is  often  greater  than  the  ophthalmoscopic  changes  would 
lead  ns  to  anticijiate.  The  patient  also  complains  of  fog  before 
the  eyes,  muscie  volitantes,  and  of  inability  to  see  in  a  dull 
There  i^  always  toriKir  of  the  retina,  which  often 
;«  on  to  absolute  night-blind/ruaa.  This  form  of  retinitis 
ly  attacks  one  «ye  at  a  time,  but.  in  the  absence  of 
iper  treatment,  it  sooner  or  later  comeri  on  in  the  second 
re.  It  is  one  of  the  secjndary  symptoms  of  sypliilis,  and 
inally  apj>ears  between  the  sixth  and  eighteenth  month  after 
tile  primary  affection.  Its  course  is  usually  protracted  over 
auny  months,  and  evinces  a  tendency  to  relapses  and  exacerba- 
tions after  slight  temporarj-  improvements.  When  seen  early 
and  treated  by  mercurials,  great  benefit  may  be  effected,  but 
with  neglect  of  treatment,  and  under  bad  hygienic  conditions, 
it  generally  gets  worse,  and  goes  on  to  more  or  less  complete 
atrophy  of  the  ojitie  ner\'e  and  retina. 

Figmentftry  Betisitii. — The  chief  aymptomsarez  (I)  Pig- 
mentary de)K>9its  in  the  peripheral  [wrtions  of  the  retina  and 
other  ophthalmoscopic  changes  ;  (2)  Night-blindness  j  (3)  Con- 
centric limitation  of  the  visual  field. 

1.  The  pigmcntarn  deposits  in  the  retina  may  be  easily 
overlooked  in  the  earlier  stages  of  the  affectiou,  inasmuch  as 
the  central  portion  of  the  fundus  then  appears  quite  normal. 
On  examining  the  periphery  of  the  retina  the  appearance 
presented  in  fig.  1,  opposite  p.  194,  will  he  ohsened.  The 
masses  of  brownish-bhick  pigment  here  shown  look  very  similar 
to   the   lacunip  and  canaliculi  of  bone  when  seen  under  the 
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microBcope.  They  may  be  few  in  number,  and  Bcattered  aboat 
the  periphery  ;  but  more  usually  they  are  numerous,  of  mode- 
rate size,  and  their  arrangement  corresponds  more  or  less  to 
the  direction  of  the  smaller  retinal  arteries.  In  the  later  stages 
of  the  affection  the  pigmentary  deposits  approach  nearer  to  the 
central  portions  of  the  fundus;  they  also  become  larger,  and 
are  more  isolated. 

In  the  early  stages  the  ophthalmoscope  reveals  no  change 
in  the  optic  disc  and  yellow  spot,  regions,  nor  are  the  blood- 
vessels perceptibly  altered ;  but,  as  the  disease  advances,  the 
disc  becomes  gradually  pale,  and  finally  assumes  a  yellowish 
wasy  appearance ;  the  blood-vessels  also  undergo  gradual  di- 
minution in  calibre,  and  are  finally  reduced  to  mere  threads,  or 
become  altogether  invisible.  In  this  last  stage  the  pigmentAry 
layer  of  the  retina  often  disappears  altogether,  by  which  the 
vessels  and  intervascular  spaces  of  the  choroid  are  rendered 
plainly  visible.  Fig.  2,  on  the  opposite  page,  represent*  an 
advanced  ease  of  this  kind,  in  which  there  are  waxy  pallor  of 
the  disc,  reduction  of  the  retinal  vessels  to  mere  threads,  and 
total  disappearance  of  the  pigment  layer  of  the  retina.  The 
stroma  of  the  clioroid  is  visible  in  the  form  of  yellowish  wavy 
streaks,  and  the  large  masses  of  pigment  are  plainly  seen. 
Posterior  polar  cataruct  and  opacities  of  the  vitreous  are  fre- 
quently present  in  the  later  stages. 

2.  Night-blindneaa  constitutes  a  marked  and  very  early 
symptom  of  retinitis  pigmentosa.  Vi^iual  acuity  is  usually  good 
in  bright  daylight ;  but  directly  the  sun  sets,  or  if  the  patient 
i$i  placed  in  a  dimly-lighted  room,  he  is  more  or  less  completely 
deprived  of  the  power  of  vision. 

3.  Contraction  of  the  visual  field  is  always  present ;  it 
consists  in  concentric  limitation  of  the  fields  for  white  and  for 
colours  around  the  central  region.  This  contraction  also  hears 
a  definite  relation  to  the  intensity  of  the  illumination  employed 
in  the  use  of  the  perimeter  ;  the  feebler  the  illumination  the 
more  contracted  does  the  field  become.  Fig,  2,  opposite  p.  222, 
represents  a  tracing  taken  from  a  case  of  moderately  advanced 
retinitis  pigmentosa  in  bright  daylight.  The  central  vision 
was  fairly  good  {V  =  J^),but  the  patient  could  only  distinguish 
object«  situated  close  to  the  visual  axis. 
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These  functional  derangements— nigbt-blindneBS  and  con- 
traction of  the  visual  field— are  estremely  distreasing.  From 
the  earliest  date  of  the  disease  it  becomes  most  difficult  for 
the  patients  to  see  their  waj  about  after  dark,  or  even  in 
the  twilight;  and  with  the  adviince  of  contraction  of  the 
visual  field,  there  is  proportionate  difficulty  in  indirect  vision. 
The  patient  can  then  only  see  the  object  directly  looked  at ; 
his  freedom  of  movement  is  consequently  much  impaired, 
because  he  is  compelled  constantly  to  turn  his  head  or  his  eyes 
in  different  directions  in  order  to  acquaint  himself  with  sur- 
rounding objects.  After  a  time  central  vision,  even  with  good 
lights  becomes  affected,  and  in  the  end  totiil  blindness  ensues. 

The  symptoms  usually  begin  in  early  life,  while  in  a  few 
cases  no  trouble  is  noticed  until  the  age  of  fifteen  or  twenty 
years.  The  consummation  of  the  disease  generally  comes  after 
the  age  of  twenty  or  thirty  years.  Both  eyes  are  similarly  and 
simultaneously  attacked. 

HistolofjicaUy  the  affected  portions  of  the  retina  show  com- 
plete atrophy  of  the  nerve  elements  (rods,  cones,  and  fibres). 
There  is  interstitial  development  of  connective  tii^Bue.  The 
walls  of  the  vessels  are  found  to  have  undergone  hyaline 
thickening,  by  which  their  lumen  is  greatly  diminished ;  the 
finer  arterioles  of  the  periphery  being  completely  transformed 
into  tracts  of  connective  tissue.  In  the  tissues  surrounding 
the  vessels  and  in  the  substance  of  their  walls  are  found  nume- 
rous pigment  cells.  The  choroid  appears  to  be  unaffected  in 
true  pigmentary  retinitis,  although  it  often  presents  lesions  in 
syphiUtic  choroido-retinitis. 

The  causes  are  unknown.  Heredity  has  a  great  influence. 
It  ia  frequently  found  in  several  members  of  the  same  family. 
Consang^iijiity  in  the  parents  has  been  proved  to  exist  in 
about  25  [ler  cent,  of  the  cases  (Leber,  Hutchinson),  and  con- 
I  genital  syphilis  has  been  put  forward  as  a  causi^  (Galezowski), 
but  is  not  generally  accepted. 

The  diaipweis  is  easy  in  ordinary  cases.  Difficulty  some- 
times arises  in  cases  of  advanced  syphilitic  choroiditis  where 
there  is  much  pigment.  In  true  retinitis  pigmentosa  there 
should  be  no  patches  of  choroidal  atrophy. 

L Prognosis  is  unfavourable,  but  the  rat«  of  progress  is  usually 
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alow,  and  the  patient,  piay  go  on  to  the  age  of  fifty  or  sixty 
before  he  is  absolutely  blind. 

TrratTjifnt  is  unavailing.  A  few  cosea  have  been  somewhat 
imjiroved  in  visual  acuity  and  in  visual  field  by  galvanism.* 
Beyond  this  a  tonic  regimen  and  a  proper  care  of  what  sight 
remains  are  the  only  means  in  our  power, 

Detaohment  of  the  Betina. — S/imptovia. — B>/  direct  typhtlicU- 
■moscofiie  examination  various  appearances  are  presented,  ac- 
cording to  the  nature  and  quantity  of  the  effused  subretinal 
fluid,  and  the  length  of  tiuie  the  detachment  has  existed.  The 
detachment  may  be  slight  or  extensive,  it  may  involve  the 
whole  or  a  jjart  of  the  retina,  it  may  occur  at  any  part  of  the 
fundn^,  hut  is  usually  situated  near  the  equator  at  the  lower 
part.  Whenever  the  retina  is  separated  from  the  choroid,  that 
part  of  the  fundus  is  changed  in  appearance.  When  the 
detaohment  is  recent  and  the  retina  retains  its  iransimrency, 
the  alteration  in  focus,  the  dark  colour  and  the  wavy  outline  of 
the  vessels,  are  the  only  signs.  When  the  detachment  has 
existed  for  some  time  the  normal  orange-red  aspect  of  the 
corresponding  part  of  the  fundus  is  generally  found  to  a'^sume 
a  greyish,  semi-transparent,  or  opaque  appearance.  When  the 
subretinal  effusion  is  slight,  and  the  retina  transparent,  ther<; 
is  still  some  red  reflex  from  the  choroid.  When  the  detached 
portion  of  the  retina  is  opaque  this  reflex  is  altogether  absent. 
When  the  detjichment  has  existed  for  a  conaiderable  period  it 
is  usually  found  to  float  up  and  down  in  the  vitreous  with 
qtuck  movement  of  the  globe.  When  u  considerable  portion 
of  the  retina  is  se])arated,  its  surface  is  found  to  iiresent 
an  undulating,  rippled  iip|iearance.  (See  figures  1  and  2 
on  the  opjwsite  l«ige.)  The  line  of  demarcation  from  the 
rest  of  the  fundus  is  usually  distinct.  The  retinal  vessels  are 
seen  to  follow  the  imdulations;  their  colour  is  usually  darker 
than  normal,  and  they  appear  to  be  diminished  in  size ;  at  the 
posterior  edge  of  the  detachment  they  suddenly  dip  and  dis- 
appear. In  thus  examining  the  detached  [lortion  of  the  retina 
by  the  direct  method  it  must  be  remembered  that  whilst  this 
is  in  focus,  and  can  be  beat  seen  by  a  strong  convex  lens,  the 
rest  of  the  fundus  is  out  of  focus,  and  may  require  evmi 
'  OiiiiD,  O/'li.  }l"tp.  lifpiirtt,  ml   t.  p.  181. 


DETACllM^yT  OF  TIi£  ItETlNA.  167 

a  concave  leiiB  in  order  lo  be  properly  examined.  By  the 
indirect  method  the  gre_vit-h  or  bluish-grey  aspect  of  the  de- 
tachment is  less  ajipareot  than  by  the  direct ;  and  unlei^s  the 
media  are  very  elear  and  the  det&chmeut  sliarjily  limited  it 
becomes  difficult  to  ascertain  the  extent  of  the  lesion  by  this 
method.  In  all  cases  the  pupil  should  be  dilated  by  atro- 
pine or  homatropine.  Sometimes  the  detachment  extendH  as 
far  as  the  edge  of  the  disc,  so  that  a  jiart  of  the  latter  is 
obscured,  whilst  the  remainder  can  be  seen.  Occasionally  the 
detachment  extends  to  the  whole  retina,  which  is  then  pushed 
forwards  in  a  funneI-Bhai>ed  manuer,  so  that  all  fundus-reHex  is 
destroyed. 

The  functionat  troubles  of  this  lesion  are  severe  and  charac- 
teristic. The  onset  is  usually  sudden,  but  only  one  eye  may 
be  affected,  so  tliat  the  patient  is  not  always  aware  of  the 
change,  and  may  not  diwover  it  until  some  time  afterwards. 
Generally,  however,  the  patient  notices  a  sort  of  cloud  a])pear 
before  the  eye,  which  obscures  the  sight.  The  visual  field 
(see  p.  213)  is  found  to  present  a  scotoma  corresponding  to  the 
detached  portion  of  the  retina.  A  careful  examination  in  this 
direction  should  be  made,  inasmuch  as  the  scotoma  often 
fxtends  over  a  greater  area  than  the  corresponding  apparent 
detachment  ;  we  inny  thus  learu  that  the  adjacent  parts  are 
threatened  with  fmtlier  separatiou,  which  indeed  has  already 
commenced.  Objects  sometimes  appear  to  be  distorted  in 
indifferent  ways  ( inetamorphopsia), 

Prern<m'itorif  aymplovui,  as  muscffi  volitantee,  are  some- 
time! observed ;  jntients  also  complain  of  subjective  sensatiouB 
of  flashes  of  light.  The  fluid  beneath  the  retina  is  albuminous, 
in  nature  ;  it  usaally  contains  blood,  Ivmiih,  fat,  pigment,  and 
epithelial  cells.  The  vitreous  is  often  more  fluid  than  normal, 
and  usually  contains  floating  opacities,  Afl«r  prolongifl  sejm- 
ration,  but  not  at  first',  the  structure  of  the  retina  becamea 
altered. 

The  eaiiset  of  detachment  are  various.  The  most  common 
is  the  posterior  sclero-choroiditis,  which  is  allied  with  yroffvea- 
sive  myopia.  TrauiiiatUni  may  prodnc^  drtachment  either 
immediately  or  at  a  remote  i>eriod.  Inflammation  of  orbital 
tissues,  intraocular  tumours,  or  inflammatory  jiroducts  in  the 
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vitreouB,  iilso  not  uo&equently  oaase  detachment  at  some 
period  of  their  existence. 

The  progreae  is  generally  unfavourable.  Even  in  the  best 
cases,  where  the  diseaxe  remains  stationary,  the  i,isioa  is  always 
defective,  and  we  are  never  certain  that  the  affection  may  not 
extend  trt  the  rest  of  the  retina.  A  few  cases  of  spontaneous 
recovery  are  on  record,  and  Bome  good  has  been  effected  by 
treatment.  It  must  be  borne  in  mind  that  where  one  eye  only 
is  affected,  the  second  eye  is  generally  in  danger  of  a  similar 
attack. 

The  treatjnent. — ^The  eyea  should  be  rested,  and  protected 
from  the  light  by  means  of  a  large  shade,  or  by  smoked  glasses. 
The  general  health  should  be  supported  by  a  tonic  regimen. 
The  hypodermic  injection  of  liydrochlorate  of  pilocarjiine  (F. 
32)  has  been  recently  tried  in  some  cases  with  good  results,  in 
others  without  benefit.  Operative  procedures  of  various  kinds 
have  been  performed  by  Sichel,  Bowman,  De  Wecker,  fJraefe, 
Hirachberg,  .and  others,  but  without  very  satisfactory  results. 
Simple  puncture  is  easily  performed.  Having  ascertained  by 
ophthalmoscopic  examination  the  exact  position  of  the  detach- 
ment, the  eyelids  are  separated  by  a  speculuui,  and  the  globe 
is  held  firmly  by  the  fixation  forceps  in  such  a  position  that  the 
detached  jjortion  is  brought  towards  the  front ;  a  broad  needle 
or  a  Sichel's  cataract  knife  is  then  plunged  through  the  con- 
junctiva and  the  tunics  of  the  globe  into  the  middle  of  the  de- 
tachment ;  in  doing  this  the  point  of  the  instrument  should  be 
directed  towards  the  centre  of  the  globe — that  is,  away  from  the 
lens.  In  the  act  of  alowli/  withdrawing  the  instrument,  it» 
blade  maybe  half  rotated  whilst  between  the  lips  of  the  wound; 
this  will  facilitate  the  escape  of  the  sub-retinal  fitiid.  After  the 
operation  a  light  compress  is  applied  and  the  patient  kept 
quietly  in  bed.  This  method  has  in  a  few  instances  been 
attended  by  [lartial  replacement  of  the  retina,  ctmsiderable 
improvement  in  visual  acuity,  and  diminution  of  the  vimiaL 
scotoma.  In  the  majority  of  cases,  however,  it  has  been  of  no 
l>erceptible  benefit,  and  in  a  few  the  eye  has  become  much  worse 
after  the  puncture. 

De  Wecker  introduces  a  gold  wire  suture  through  the 
sclerotic  and  choroid  with  the  view  of  establishing  a  conttnuoufi. 
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^  di&inage.  This  method  has  not  been  generally  adopted,  and 
eome  cases  of  deetnictive  irido-choroiditia  have  been  caused  by 
it  (Noyee). 

Prophylactic  measures  would  appear  to  be  most  strongly 
indicated  in  this  affection.  In  the  case  of  high  myopia,  for 
example,  it  ia  of  the  greatest  importance  that  the  error  of  re- 
fraction should  be  corrected  by  the  use  of  proper  spectacles. 

OliotDA  of  the  Eetina. — Symptoms, — It  usually  occurs  in 
early  life,  either  intra -uterine,  or  during  the  first  three  or  four 
L  years ;  occasional  cases  have  been  recorded  up  to  ten  years.   In 
,  the  early  stage  the  ophthalmoscope  reveals  one  or  more  brilliant 
white  patches  in  some  part  of  the  retina.     These  [latches  differ 
considerably  from  those  of  retinitis  in  being  of  a  brighter,  more 
metallic    lustre.      The    tension   is   normal   (Tn)   or   slightly 
diminished  (Brailey).     There  are  no  external  changes  in  the 
appearance  of  the  eye,  no  pain  is  complained  of;  the  eye  is 
quite  blind,  but  this  is  not  discovered  owing  to  the  youth  of  the 
patient;  hence  the  disease  is  rarely  seen  at  this  early  period; 
it  usually  passes  unnoticed  until  the  growth  has  become  suffi- 
ciently large  to  be  visible  through  the  pupil ;  it  is  then  detected 
by  the  jiarents,  and,  sooner  or  later,  the  j>atient  is  brought 
I  tar  advice.     In  this,  the  second  star/e,  the  pupil  of  the  affected 
[  eye  usually  becomes  considerably  dilated.     The  tension  is  in- 
J  ereased  (T  +  (?),  T+ 1).     The  pupil  no  longer  has  its  normal 
I  black  appearance,  but  preseuts   a  white,  pink,  or  yellowish 
I  lustrous  look.     By  focal   illumination   the   tumour  may   be 
observed  to  project  into  the  vitreous  cavity ;  the  sur&ce  may  be 
smooth  or  nfxlulated  ;  and  some  blood-vessels  can  generally  be 
Been  upon  the  white  background.     By  the  ophtluilmoscope  a 
similar  condition  is  observed.    The  lens  and  vitreous  are  usually 
clear.     In  this  stage  there  is  often  pain  in  the  eye,  and  inHam- 
Siatnry  symptoms  are  liable  to  supervene  in  the  form  of  con- 
gf  stioa  of  the  scleral  vessels.    Aa  the  growth  increases  the  lens 
J  11  pushed  forward,  the  anterior  chamber  becomes  shallow,  the 
I  cornea  becomes  dull  and  opaque,  and  loses  its  sensitiveness; 
1  the  eye,  in  fact,  becomes  glaucomatous.     As  the  growth  coo- 
tinues  to  Increase  in  volume  the  tuuics  of  the  globe  can  no 
[  longer  sustain  the  intraocular  pressure,  and   usually  become 
L  ruptured  in  the  region  of  the  sclero-comeal  iunction.     In  this 
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the  third  stage,  the  tension  is  suddenly  decreased,  and  the 
disease  rapidly  extends  to  the  surrounding  parts,  and  bai'kwards 
along  the  course  of  the  optic  nerve  to  the  brain. 

Pathology. — \\'hen  tin  eye  with  glioma  is  opened  duriog 
the  second  stage  the  tumour  presents  a  yellowish- white  ap|>ear- 
ance  ;  it  contains  blood-vessels,  hEemorrhages  are  seen,  and  in 
some  parts  there  are  calcareous  iKirticles.  nietologicaUy  this 
new  growth  consists  of  small  round  cells  (fig.  4,  on  the  opposite 
page),  exactly  similar  to  those  found  in  the  granular  layers  of 
the  normal  retina.  Each  cell  is  a  rounded  body  about  y  ^P,  „  mm* 
in  diameter,  and  contains  a  large,  freely  staining  nucleus,  in 
the  centre  of  which  are  a  few  granules.  Blood-vessels  are  found 
in  the  tumour ;  they  are  not  in  actual  contact  with  the  cells, 
but  usually  have  a  distinct  sheath,  probably  a  lym ph -space ; 
outside  this  clear  space  is  found  a  zone  of  cells  which  stain 
freely;  beyond  these  the  staining  becomes  more  feeble,  and 
the  cells  are  found  to  have  undergone  either  fatty  or  ealeareoua 
degeneration.  Finally  the  vessels  become  destroyed,  and  the 
whole  glioma  degenerates  from  absence  of  blood  supply.  If  we 
examine  the  free  or  sjireading  edge  of  the  tumour,  we  find  that 
the  granulai'  layei-s  and  the  layer  of  nerve-eella  are  the  parta 
Hrst  attacked  (see  figs,  2  and  3,  on  the  opjiosite  ]»age).  Two 
chief  kinds  of  glioma  are  recognised,  viz.  G.  exo-phytam  and  0. 
endophjftiim.  Glioma  exophytuvn.  commences  in  the  inner 
granular  layer,  which  becomes  thickened  to  join  the  out«r ;  a 
diffuse  thickening  of  the  whole  retina  is  formed,  with  nebular 
bulging  on  its  outer  aide,  from  which  the  disease  extends  to  the 
choroid.  Glioma  endopkyttiTn  commences  in  the  nuclear  and 
nerve-fibre  layers  of  the  retina,  whence  it  usually  extends  along 
the  optic  nerve.  The  jiarts  of  the  retina  which  are  not  of /rat 
attacked  would  seem  to  be  the  rods  and  cones,  the  molecnlar 
layers,  tlie  system  of  MiJller's  fibres,  the  Itascnient  or  limiting 
membranes,  and  the  pars  ciliaris  retinse.  The  structures  which 
are  attacked  appear  to  be  the  nerve  elements  and  the  very 
delicate  neuroglia.  The  modf  of  erten^ioti  of  glioma  is  impor- 
tant. Ita  chief  direction  ('«  along  the  fibres  of  Ihf  vptie  nerve. 
Here  the  cells  first  plug  up  the  optic  disc  so  as  to  push  back 
the  lamina  crihrosH ;  after  a  time  they  apjiear  on  the  outside  of 
the  latter,  and  rtpiioar  in  clui-ters  occupying  the   hundles  of 
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nerve-fibrea ;  the  coarse  trabecular  tissue  is  but  little  affected, 
even  in  advanced  cjses.  The  central  artery  and  vein  are  not 
attacked.  From  the  optic  nerve  the  cells  sometimes  get  into 
the  ntiTve  sheath,  and  thenee  extend  to  the  intmcranial 
meninges,  occasionally  also  to  the  diploe  of  the  cranial  bones. 
Sometimes  the  child  has  glioma  in  the  other  eye,  but  we  hare 
no  evidence  to  jirove  that  the  disease  spreads  from  one  eye  to 
the  other. 

Another  viode  of  exUttsion  ishy  way  of  tht  choroid;  glioma 
cxophytum  usually  spreads  in  this  way.  The  part  of  the  choroid 
first  invaded  ia  that  nearest  to  the  optic  disc.  When  the  cells 
get  into  the  choroid  itself  they  Immediately  increase  by  multi- 
|>lication,  and  the  tissue  of  the  choroid  is  destroyed,  its  place 
being  occupied  by  a  thicker  layer  of  glioma  cells.  These  cello 
then  extend  to  the  sclerotic,  which  is  attacked  in  the  direction 
of  its  component  fibres.  They  thtn  jiasH  forwards  along  the 
aupra-choroidiil  lymph-space,  through  the  fibres  of  the  liga- 
mentum  ]>ectinatum  into  the  anterior  chamber.  They  may 
thus  push  back  the  lens  ;  sometJmeii  they  cause  necrosis  of  the 
cornea.  When  not  in  the  anterior  chamber  they  may  cause 
forward  bulging  of  the  lens.  The  vitreous  undergoes  atrophy, 
and  causes  a  peculiar  wavy  up])ean)nce  of  the  retina  (detach- 
ment). 

Metastatic  gliomatous  tumours  are  said  to  occur  in  the  liver 
and  other  parts,  but  these  are  very  rare,  if  they  occur  at  all. 
No  new  growth  similar  to  glioma  is  found  in  any  other  [lort  of 
the  body  except  the  nervous  system.  Glioma  was  formerly 
called  carcinoma,  fungus  liK-niatodes,  &c.  At  present  it  ia 
considered  to  grow  from  the  delicate  connective  tissue  of  the 
neuroglia,  and  ought  therefore  to  be  called  a  sarcoma.  Heredity 
appears  to  play  an  important  r<ite  in  the  existence  of  these 
tumours ;  two  or  more  children  of  the  same  pirents  may  suffer, 
and  a  history  of  cancer  of  the  eye  during  the  early  part  of  the 
parent's  life  may  sometimes  be  elicited. 

Dioffnotiia  is  usually  quite  easy.  Given  a  lustroiw,  white, 
or  yellowish-white  tumour,  occurring  in  a  young  child,  where 
there  have  been  no  perceptible  inflammatory  symptoms,  and 
where  the  intraocular  tension  ia  increased,  we  have  uo  hesita- 
tien  in  pronouncing  this  to  be  glioma. 
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In  Buppurative  hyalilis,  which  may  have  disajipeared  leaving' 
the  retiua  detached,  in  eiudative  cyclitis,  and  in  exudative 
choroiditiB,  a  condition  not  unfrequently  preMents  which  is 
somewhat  similar  to  glioma;  such  cases  axe  known  by  the 
vague  term  pseado-glioma.  Fig.  1,  opix>site  p.  200,  shows  a 
section  of  such  a  case  ;  there  had  been  exudative  inflammatioil 
of  the  ciliary  region  and  choroid,  the  vitreous  had  shrunkeD, 
and  the  retina  was  pushed  forwards  nearly  up  to  the  lens,  where 
it.  appeared  as  a  dull  yellowish  mays.  la  such  cases  (pseudo- 
glioma)  the  reflex  is  seldom  bright,  the  tension  is  usually 
Ttdticeii,  and  there  is  generally  a  history  or  some  other  symp- 
tom of  previous  inflammatiou  in  the  eye.  The  chief  difference, 
however,  consists  in  the  appearance  of  the  iris ;  In  glioma  the 
whole  of  this  is  pushed  forwards  towards  the  cornea,  bat  in  the 
so-called  paeudo-glioma  the  eontniction  of  the  inflammatory 
products  in  the  vitreous  causes  retraction  of  the  ciliary  edge 
of  the  iris,  so  that  the  latter  presents  the  appearance  of  an 
inclined  plane  as  seen  in  tig.  1,  opposite  page  300. 

The  treatineid  of  glioma  consists  in  Ihe  immediate  removal 
of  the  whole  of  the  affected  globe  and  Ds  much  of  ita  oi)tic 
nerve  as  possible,  Hy  this  means  the  disease  is  prevented  from 
spreading  backwards  to  the  brain  and  in  other  directions,  so 
that  although  the  eye  is  lost  the  jiatient's  life  may  be  saved. 
After  excision  of  the  globe  in  this  msinner,  the  cut  end  of  the 
optic  nerve  should  be  examined  microscopiciilly.  If  this  be  of 
normal  size,  and  contains  no  glioma  cells,  we  may  hope  for  a 
good  result.  If  slightly  swollen,  and  a  few  of  the  nuclear 
bodies  are  found,  the  result  is  doubtful.  If  much  swollen,  and 
numerous  nuclear  bodies  are  found,  there  will  jirobably  be  a 
return  of  the  disease  in  the  optic  nerve  in  the  course  of  a  few 
months. 

When  the  disease  has  perforated  the  ocular  tunics  aod 
affected  the  surrounding  ]iarts,  the  whole  of  the  contents  of  tlie 
orbit  must  be  extiriated,  although  the  prognosis  is  extremely 
grave. 
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AnunroilB  signifies  loss  of  Might  without  perceptible  ocular 
lesions  ;  with  the  advance  of  knowledge  in  ophthalmology  that 
term  is  becoming  less  and  less  required,  and  is  gradually  falling 
into  disuse.     Several  gratles  of  amaurosis  are  recognised. 

Ifi  the  Jirst  ffrade,  which  is  generally  called  AvMyopia, 
there  is  merely  diminution  of  visual  acuity ;  the  patient  is  not 
ahle  to  read  email  print  with  the  amblyopic  eye,  but  he  can 
distinguish  large  objects,  and  find  his  way  about. 

In  the  eecoiid  iffade  there  is  only  quantitative  perception 
of  light.     The  patient  can  only  distinguish  light  from  darkness. 

In  the  third  grade,  usually  called  compUte  or  absolute 
amaurosis,  both  qualitative  and  quantitative  perception  of 
light  have  disiippeared. 

Tobacco  Amblyopia  (Tobacco  Amaurosis). — Symptoms.  This 
affection  is  characterised  by  diminished  acuity  of  central  vision, 
one  of  the  earliest  symptoms  of  which  is  the  inability  to  dis- 
UngaiKh  colours  over  a  small  central  portion  of  the  field. 
There  ia  progressive  failure  in  both  eyes,  which,  in  the  course 
of  a  few  weeks,  or  months,  muy  have  become  so  marked  that 
the  patient  can  only  distinguish  -:^g  or  ^,  or  No.  6  or  0  of  the 
Snellen  reading  tjrpes.  The  periphery  of  the  visual  field  is  not 
affected  either  for  white  or  for  colours,  but  the  central  portion 
always  presents  a  scotoma  in  which  the  power  of  distinguishing 
green  and  red  is  very  defective.  If  the  extent  of  this  scotoma 
is  measured  by  testing  the  patient  with  the  perimeter  (see 
p.  215),  it  will  be  generally  found  to  be  of  oval  shape,  with  its 
diameter  transverse,  and  to  include  the  central  portion  of 
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the  visual  field.  Tbe  subjects  of  this  affection  are  most 
troubled  by  bright  light  Jind  by  distant  objects  ;  they  can  gene- 
rally see  better  in  twilight  than  in  open  day,  and  they  tind  some 
help  for  this  defect  in  the  use  of  neutral  tinted  glasses,  by  whicli 
the  brighter  rays  are  cut  off.  The  peripheral  portions  of  the  field 
being  goo(i,  tht-y  experience  no  difficulty  in  seeing  surrounding 
objects ;  they  therefore  differ  somewhat  in  manner  from  patients 
who  are  suffering  from  diseases  in  which  contraction  of  the 
visual  field  forms  a  prominent  feature,  such  as  advanced  re- 
tinitis pigmentosa,  optic  atrophy,  and  chronic  glaucoma. 

The  OphtliaZmoacope  reveals  nothing  of  importance  in  the 
condition  of  the  fundus.  Occasionally  we  find  hyperemia  of 
the  optic  disc,  and  some  enlargement  of  the  retinal  veins.  In 
advanced  cases  there  is  sometimes  a  jiale  (atrophic)  condition 
of  the  optic  disc. 

The  onset  of  the  disease  is  very  insidious ;  in  some  cases 
hardly  any  other  symptoms  beyond  the  visual  derangemeuts  are 
to  be  found,  in  others  there  may  be  frontal  headache,  nervous- 
ness, insomnia,  and  Ioes  of  appetite. 

Causes. — This  form  of  amblyopia  is  now  generally  admitted 
to  be  produced  chiefly,  if  not  entirely,  by  tobacco  intosication. 
The  subjects  of  it  are  generally  males,  at  or  beyond  middle  life, 
who  have  long  been  in  the  habit  of  smoking  large  quantities  of 
strong  tobacco.  Unfortunately  many  excessive  smokers  are 
idso  accustomed  to  free  indulgence  in  alcoholic  liquors,  so  ibat 
it  is  difficult  lo  make  out  how  far  the  defective  vision  may  be 
due  t^  the  direct  iufliieuce  of  alcohol.  Mackenzie  and  8>chel 
long  ago  ijointed  out  the  deleterious  effect  upon  vision  of  the 
excessive  use  of  tJ>bacco;  the  latter  believed  that  any  person 
smoking  more  than  half  an  ouuce  of  tobacco  daily  would  ex- 
perience considerable  defett  both  of  sight  and  of  memory.  He 
mentions  a  case  '  of  a  man  who,  not  content  with  smoking 
throughout  the  entire  day, assumed  the  pipe  at  intervals  during 
the  night  to  soothe  his  wakeful  hours.  He  became  completely 
blind,  but  recovered  his  sight  after  total  abstinence  from  smok- 
ing, combined  with  antiphlogistic  treatment.  In  speaking  of 
this  affection  Nettle^ip*  says,  'My  own  opinion,  based  on  tha 
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'  exnminAtion  of  a  large  number  of  cases,  is  that  tobacco  is  the 
eHxential  agent,  and  that  the  disuse  or  dimiuislied  use  of 
tobacco  is  the  one  essential  measure  of  treatment.'  It  is  hut 
fcir  to  add,  however,  tbjit  competent  observers  are  far  from 

I  vnnnimouB  on  this  snbjeect. 

The  treatment  consists  in  the  removal  of  the  cause  and  the 

[  improvement  of  tlie  genenil  condition  of  the  patient.  Total 
and  unconditional  abstinence  frmn  all  fortna  of  tobacco  and 

[  (lieoholic  liquora  should  lie  insisted  on.  The  imtient  will  be 
greatly  chagrined  at  tlie  sudden  cessation  of  these,  to  him 

I  -poisonous,  habits ;  he  will  beg  hard  to  be  allowed  just  one  cigar 

1  and  one  glass  of  wine  jier  diem ;  but  he  must  not  be  humoured. 

'  Total  abstinence  is  by  far  the  most  certain  and  speedy  mode  of 
icure  J  it  should  of  course  be  combined  with  a  tonic  regimen. 

'  Nutritious  food,  plenty  of  exercise  in  the  open  air,  sedatives 
at  niglit  if  necessary  to  produce  sleep,  strychnine  and  iron 
dntemally,  and  similar  remedies,  are  essentially  helpful,  and 

[  .will  generally  restore  the  visual  acuity,  disjierse  the  central 
^scotoma  for  colours,  and  greatly  improve  the  patient's  general 

[  ilhyifique  in  the  course  of  six  to  twelve  weeks.     As  a  rule  the 

1  results  of  treatment  are  more  pronounced  in  proportion  to  the 
rapidity  of  failure,  and  to  the  shortness  of  the  duration  of  the 
disease.     In  old-standing  chronic  cases,  and  especially  where 

\  .there  is  some  pallor  of  the  optic  disc,  the  improvement  is  lesii 

I  marked,  and  [ierfect  vision  (Y  =  *)  may  not,  Ite  re-established. 
Some   practitioners   are   doubtful  as   to  the   propriety   of 

I  suddenly  cutting  off  all  alcoholic   stimulants   from  habitual 

I  drinkers.     I  was  for  some  years  associated  witli  Mr.  Gibson  in 

*  the  treatment  of  prisoners  at  Newgate,  where  we  bad  a  constant 
influx  of  smokers  and  drinkers  of  the  heaviest  kind ;  our  treat* 
ment  in  every  case  wan  similar  to  that  above  indicated,  and  the 
result  was  invariably  beneficial. 

Amanroiii  is  occasionally  seen  in  young  infants.  Ttie  aim- 
less movements  of  the  eyes  (nystjkgmus)  generally  Unit  attract 
the  mother's  attention,  and  it  is  then  obfrrved  that  the  child 
takes  no  notice  of  a  light.  In  such  canes  the  fundus  is  some- 
^timea  normal,  not  unfrequently  the  discs  have  a  greyish  api>ear- 
ance,  and  their  edges  are  a  little  blurred  ;  later  on  they  usually 
become  atrophic.     In  these  cases  there  is  sometimes  a  history 
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of  convulsione,  and  often  there  iaevidence  of  inherited  iiyphiliB. 
The  prognosis  is  absolutely  unfavourable. 

Amblyopia,  from,  aupprtssion  of  the  i»mge  in  one  eye,  is 
often  found  in  cases  of  Btrabistnus.    (See  Strabismus.) 

Hemiopis  or  Hemiasopiia  is  characterised  by  the  loss  of  one 
halt  of  the  visual  field.  It  uaiially  occurs  in  both  eyes,  and  is 
then  indicative  of  some  IcsioQ  at  or  beyond  the  optic  commis- 
unre.  When  only  one  eye  is  affected  the  line  of  separation 
between  the  part  of  the  visual  field  which  is  lost  and  that 
which  is  retained  is  generally  irregular ;  the  affection  ia  then 
the  result  of  Bome  legion  of  the  optic  nerve  in  front  of  the  com- 
missure, or  of  the  retina  itself. 

The  majority  of  cases  of  hemiopia  affecting  Iwth  eyes  are 
either  right  or  left  lateral — that  is,  there  is  (homonymous)  loss 
of  the  right  or  of  the  left  half  of  the  visual  field  in  each  eye. 
The  right  half  of  each  visual  field  of  course  corresponds  to  the 
left  half  of  each  retina,  and  uice  versa.  As  ii  rule  the  point  of 
fixation  lies  in  the  part  which  retains  its  functions  in  both  eyes, 
but  occasionally  the  tine  of  demarcation  seems  accurately  to 
bisect  it.  Occasionally  both  temporal  halves,  and,  very  rarely 
indeed,  both  the  nasal  halves,  are  lost. 

The  symptoma  of  lateral  hemi^ia, — The  patient  usually 
complains  of  sudden  diminution  or  disturbance  of  vision.  He 
only  sees  half  of  an  object  placed  immediately  in  front  of  him. 
In  right  lateral  hemioiiia  there  ia  marked  inconvenience  in 
reading.  This  ia  because  in  orderto  read  with  fluency  it  is  neces- 
sary that  words  should  be  seen  which  are  a  little  in  advance  of 
those  which  are  being  pronounced  ;  when  the  right  half  of  each 
visual  field  is  lost  the  words  cannot  be  seen  until  their  image 
falls  on  the  yellow  spot  of  the  corresponding  half  of  each  visnal 
field.  The  line  of  demarcation  between  the  sensitive  and  the 
inactive  portions  of  the  retina  is  usually  vertical,  either  at,  or 
just  internal  to,  the  yellow  spot.  The  transition  from  the  one 
part  to  the  other  may  be  quite  abrupt,  or  it  may  be  gradual. 

Fig.  2  on  the  opposite  i>age  represents  a  chart  of  the  visual 
field  for  whit«,  blue,  red,  and  green,  which  was  taken  from  (he 
right  eye  of  a  patient  suffering  from  left  lateral  (homonymoos) 
hemiopia.  By  comj^aring  this  with  the  normal  visual  field 
represented  in  fig.  1,  opposite  p.  216,  it  will  be  observed  that 
the  whole  of  the  inner  port  of  the  field  is  lost. 


/^  ^   Stffhl'  viauai  Hdd/    Hmuopui/ 


SOT 

The  exact  situation  of  the  intracranial  lesion  giving  rise  to 
hemiopia  is  still  somewhat  uncertain.  Professor  Charcot '  con- 
siders the  optic  tract  of  the  opposite  side  to  be  always  involved  ; 
that  is,  the  U/l  optic  tract  is  either  diseased  or  pressed  upon  in 
right  lateral  henaiopia,  and  vice  verad.  Dr.  Ferrier '  believes 
hemiopia  may  result  from  lesion  affecting  the  occipital  lobe  and 
angular  gyrus,  ajwrt  from  any  implication  of  the  optic  tract  or 
corpora  geniculata.  This  conclusion  is  supported  both  experi- 
-  mentally  and  clinically. 


The  above  diagram  (fig.  51)  is  that  used  by  Charcot  to  ex- 
plain the  above-mentioned  phenonaena  of  lat«ral  hemiopia,  and 
crossed  amblyopia. 

The  fibres  of  the  optic  nerves  undergo  »  partial  decussation 
at  the  chiasma  T ;  the  left  optic  tract  b  b'  receiving  Bbres  b  b 
from  the  temporal  half  of  the  left  retina,  and  others  b'  b'  from 


'  Ijva'iMtio*  '/  Certbral  i 
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the  nasal  half  of  the  right,  i.e.  from  the  right  half  of  each 
visual  field.  In  the  same  way  the  right  optic  tract  receives 
impreesions  from  the  left  half  of  each  visual  Held. 

The  6brea  corresjionding  to  the  optic  trat^ts  proceed  to  the 
coqx>ra  geniculatji,  c  o,  and  it  ia  supposed  that  the  tibres  which 
do  not  decussate  in  the  commissure  t  do  so  beyond  the  corpora 
geniculata  in  t  q. 

So  that  the  centre  log  in  the  left  hemlspkere  recerveiB 
fibres  from  the  right  eye  only,  those  from  the  right  half  of  the 
visual  field  coming  throiigli  the  left  tract,  and  those  from  the 
left  half  of  the  visual  field  coming  through  the  right  tract.  In 
the  same  way  the  centre  L  o  D  in  the  right  hemisphere  receives 
fibres  from  the  left  eye  only. 

A  lesion,  therefore,  at  T  would  produce  loss  of  the  temporal 
half  of  each  ^-iaual  field.  One  at  N  on  one  side  would  produce 
loss  of  the  nasal  half  of  the  field  in  the  eye  of  the  same  side  as 
the  lesion.  One  at  K  in  the  left  optic  tract  would  cause  loss 
of  the  right  half  of  each  visual  field.  One  at  T  Q  would  cause 
toss  of  the  nasal  half  of  each  field,  a  condition  which  is  very 
rare.  Finally,  deBliuction  of  log  or  lod  would  cause  total 
blindness  in  the  eye  of  the  opposite  side.' 

In  hyiterical  hemiansBtheBia  and  i[i  cerebral  hemianastlieiia 
the  unilateral  defect  is  not  confined  to  common  sensibility  ;  it 
involves  also  the  special  senses  on  the  same  side  of  thi-  body  as 
the  cutaneous  aniesthesia ;  thesearethenervesof  taste,  hearing, 
smell,  and  sight.  Attention  has  been  particularly  callwl  to  the 
condition  of  vision  by  the  ohaervations  of  M.  Ijuidolt  in  certain 
cases  of  Professor  Charcot's  at  the  Salpfitridre.     He  found — 

(1)  Normal  ophthalmoscopic  appearance  nf  the  fundus. 

{2)  Reduction  of  vi«iua]  acuity  to  one  half  or  more  in  the 
eye  on  the  same  side  as  the  hemian^estheBia  (crossed  amblyopia). 


'  Rut  this  schema  ot  Charcot's,  tlionfih  (.■xplntnlnfi  Uic  biooculnr  lii^mlopik 
In  Uiseaac  of  tho  opUc  tract,  and  tb«  orosse'l  amliljrofiia  in  diaeniK  of  ihe  optic 
thalamns  anJ  iatcmsl  capsule,  does  not  cxplHin  tlip  hemlapin  met  with  in 
!>uine  cases  '>f  diseaoe  of  tho  ccrebntt  cnrlex  (nboiit  the  an^riUar  ^riu).  To 
moot,  this  QtiUMt  hw  raoently  supposed  that  ilioni  in  ■  seoanil  dcoaasatiou  ot 
the  nerve-libri«  from  the  cTtomnl  halt  ol  each  eye  biyonil  tit  iitttnui!  mjnaU. 
Accorrling  to  this  enoti  occipital  lobe  holds  r  a.  The  e>rt«nia]  norve-Abtw  of 
the  tya  on  the  lidc  of  the  Winn.     J.  The  inlenial  nervc-fibta  of  tlu:  oppodta 


»,  liku  the  optic  tract  of  the  snmn  tide. 


A 
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(3)  Concentric  and  general  contraction  of  the  visual  field 
for  white  and  for  colours. 

Vi^lit-bliiidiieu '  has  already  been  referred  to  as  a  symptom 
of  pigmentary  retinitis  and  other  lesions  of  the  fundus.  Under 
certain  circum stances,  however,  this  affection  is  found  to  exist 
as  a  functional  disorder.  The  characteristic  symptom  of  func- 
tional night-blindness  \i  that  visual  acuity,  which  is  perfectly 
good  in  a  bright  solar  or  artificial  light,  becomes  suddenly 
reduced  when  the  aun  gets  below  the  horizon,  or  when  the 
orbiBcial  light  is  reduced.  The  patient  can  see  perfectly  well 
during  the  day,  but  immediately  after  sunset,  or  when  placed 
in  a  moderately  dark  room,  the  sight  is  so  impaired  that  he 
has  to  grope  about,  and  in  some  cases  cannot  find  his  way 
without  the  help  of  a  guide.  The  visual  field  is  not  contracted. 
The  fundus  is  normal  in  appeurance.  The  pupil  is  sometimes 
half  dilated,  and  there  is  generally  some  reduelion  in  the  range 
*f  accommodation. 

The  most  common  cause  of  night-blindness  is  the  prolonged 
Exposure  of  the  retina  to  the  action  of  strong  brilliant  light. 
It  ia  common  among  sailors  who  have  made  long  voyages  under 
a  tropical  aun,  and  soldiers  after  prolonged  marches;  painters 
and  masons  who  have  been  employed  on  white  buildings  are 
also  sometimes  affected.  Tliis  troiible  is  more  prone  to  occur 
in  persona  whose  vitality  is  lowered  from  insufScient  or  im- 
projter  food,  excessive  work,  and  other  causes.  It  is  ofl«n 
assoeiated  with  scurvy.  A  paper  by  Dr.  Forster('Rec.d'Ophth.' 
Oct,  1882,  p.  577)  would  seem  to  prove  that  the  affection  often 
tnakea  its  appearance  in  hot  climates  without  exposure  to  bright 
light,  especially  in  districts  where  ague  is  common. 

Pro-fiioin'm  awl  treatment. —  Night-bliiiilnesa  always  im- 
■jffoves  under  favourable  conditions,  although  it  sometimes 
evinces  a  tendency  to  recurrence.  The  first  indication  is  to 
protect  the  eyes  from  all  bright  light.  This  may  he  done  by 
keeping  the  patient  in  a  feebly  illuminated  room,  or  by  the  use 
'  OatU  msentlj  tlif  term  bemfraii-iAt  was  uiicil  to  iiidicatv  Ihia  syui|)tom. 
«nd  ityetakpia  tha  opposite  cotidiliou  of '  nlKht-ilghl,'  nr  clAy-UiRilt»««.  Ac 
article,  hovrevet,  by  Dr,  '^iteenhill  {Ophlk.  llotp.  Itep^rlt,  X-  11.  p.  2H()  nhovrs 
that  the  tme  inuuiin^  of  tbc  woitl*  >ccon1iti(;  Ui  Ihsir  itetiVBtioa  uid  cUuical 
nae  u  the  cnurl  revene  of  this.  tJnder  thcu  circnnntUincM  It  wodil  crvuta 
•ontDslun  lu  ri'tain  either  term. 
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of  very  dark  smoked  glasses.  TLe  use  of  eserine  drops  (F.  31  > 
ia  also  advisable.  A  nouriahing  diet,  and  the  use  of  iron, 
quiniiie,  and  other  tonics,  are  valuable  adjuncts.  Cod-liver  oil 
is  also  strongly  recommended  in  tliis  afTection. 

Snow-blindnesa,  whicli  is  sometimes  exi>erienced  by  persons 
who  liave  travelled  over  estensive  tracts  of  snow,  present*  the 
same  functional  derangements  as  the  night-blindness  just  men- 
tioned, but  there  is  usually  congestion  of  the  conjunctiva  with 
pain  and  photophobia.  It  is  prevented  by  the  use  of  deeply 
tinted  glasses. 

HicTopsia  signifies  a  condition  of  sight  in  which  objects 
look  too  small.  Its  occurrence  is  indicative  of  tbe  rods  and 
cones  being  pressed  asunder,  so  that  images  formed  on  the 
retina  coincide  with  fewer  retinal  elements.  It  is  sometimes 
found  in  syphilitic  retinitis.  *  Megalop»ia,'  the  apparent  en- 
largement of  objects,  and  micropsia  are  sometimes  found  in 
hysterical  amblyopia,  ^  Metamorpkt^sia'  mesaa  the  apparent 
distortion  of  objects. 

Kalingering. — Simulated  amblyopia,  or  complete  amaurosis 
of  one  or  both  eyes,  is  occasionally  met  with,  but  is  less  common 
in  (jreat  Britain  than  in  countrit's  where  conscription  is  in 
force.  It  is  found  amongst  those  who  wish  to  escape  service ; 
aft.er  injury,  also,  it  is  sometimes  feigned  with  the  hope  of 
receiving  compensation  for  damages.  Amongst  children  the 
desire  to  avoid  school  and  lessons  is  sometimes  the  chief 
motive.  It  also  occurs  amongst  nervous  and  hysterical  young 
women. 

One  eye,  usually  the  right,  is  generally  complained  of  as 
being  defective,  the  other  eye  being  declared  normal.  Under 
such  circumstances  the  distant  vision  of  each  eye  should  be 
carefully  tested,  and  the  first  statement  as  to  the  vision  of  the 
supposed  amblyopic  eye  carefully  noted.  The  deception  may 
then  be  discovered  in  various  ways. 

1.  Gntefe'a  metliod. — Place  ii  jtriam  of  10°  before  the  sound 
eye.  If  the  patient  be  really  using  both  eyes  this  will  prodiu^e 
diplopia,  and  he  will  be  observed  to  squint  in  order  to  correct 
this. 

2.  By  means  of  Snellen's  coloured  test  types  suspended  in 
front  of  a  window.     Tbe  alternate  letters  are  red  and  bluiali 
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green — the  esact  wnDpleinent  of  the  red.  The  patient  is  told 
lit  read  these  with  the  good  eye.  Thus,  ttujipoae  he  reads  the 
word  FRIEND,"  of  which  FIN  are  green  and  RED  are  red  ; 
then,  by  placing  a  bluish-green  plane  glass  in  front  of  the  good 
eye  he  will  only  see  the  letters  FIV  if  the  other  eye  be  ambly- 
opic— for  the  red  letters  cut  off  all  rays  of  light  except  the  red, 
while  these  are  cut  off  by  the  green  glass  which  transmits  none 
but  green  rays,  therefore  no  light  can  pass  through  both 
glasses.  If  the  patient  in  malingering  he  will  still  see  the 
whole  word  FRIEND  with  the  observed  eye. 

3.  Two  very  weak  lenses  may  be  alt«rn8tely  placed  in  front 
of  the  affected  eye  ;  if  tbe  jHitient  believes  that  a  sueoession  of 
lenses  is  being  tried,  he  will  sometimes  admit  to  a  gradual 
improvement,  often  up  to  nonual  vision. 

4.  By  jMiralysing  the  accommodation  of  the  good  eye,  or  by 
placing  a  strong  concave  lens  (— 2U  D)  in  front  of  this,  and 
then  directing  the  patient  to  read,  we  know  that  he  can  only 
do  90  with  the  affected  eye. 

5.  The  stereoscoi>e  and  other  methods  are  also  useful  in 
the  discovery  of  this  kind  of  deception. 

When  amblyopia  in  both  eyes  is  complained  of,  the  mode 
of  detection  is  more  complicafed,  and  requires  greater  tact 
on  the  part  of  the  surgeon. 

The  refraction  of  each  eye  and  the  ophthalmoscopic  appear- 
ance of  the  fimdus  being  ascertained,  the  visual  acuity  of  each 
eye  should  then  be  carefully  recorded  ;  then  by  placing  feeble 
convex  or  concave  glasses  in  front  of  either  eye  the  patient 
will  often  betray  himself  by  inconsistent  replies.  The  visual 
Geld  for  white  and  for  colours  (p.  213)  should  then  be  tested. 
Tile  nature  of  the  answers  to  questions  will  here  be  also  useful. 

When  complete  amaurosis  of  one  eye  in  asserted,  it  must  be 
rememliered  that  in  such  an  eye  the  pupil  would  be  dilated  if 
the  amaurosis  had  existed  for  a  long  time,  and  would  not 
contract  by  the  [trojection  of  a  cone  of  light  upon  the  cornea, 
supposing  the  opposite  eye  to  be  completely  shaded  from  the 
liglil.     In  order  to  distinguish  between  dilatation  of  the  pupil 

■  These  colonml  tjpcs  nisy  hr  oblaitipil  Trom  Mr.  PiUiiotivr,  88  Krw  Itonrl 
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from  blindness,  and  that  from  atropine,  we  must  bear  in  mind 
that  the  dilatation  from  atropine  is  usually  greater  than  from 
amaurosis;  again,  while  in  amaurosis  a  cone  of  light  thrown 
upon  the  retina  of  the  good  eye  would  produce  contraction  of 
the  sphincter  pupillse  of  the  other,  this  would  not  be  the  case 
with  dilatation  from  atropine. 


CHAPTER   IX. 
WO.y  THE    VISUAL   FIELD  A.\D  TEE  USE  OF  THE  PEltlMETEP. 

r  The  nasal  field  is  the  extent  of  a  plane  at  right  angles  to 
r  the  visual  axis,  over  which  the  eye  can  recogniso  objects,  Thus 
I  the  eye  being  fixed  on  any  point, '  the  fixation  point,'  its  image 
J  will  fall  on  the  yellow  spot  (direct  vision) ;  at  the  same  time 
I  other  objects  will  be  leas  distinctly  seen  by  the  [KTipheral  [wr- 
I  tions  of  the  retina  (indirect  vision).  The  objecti=  most  distant 
I  from  the  fixation  point  will  rcpreseut  the  limits  of  the  visual 
r  field,  and  the  latter  may  be  considered  as  Eubleutling  a  cone- 
I  ihaped  space  whose  apex  is  situated  at  the  eye,  and  whose  base 
I  becomes  larger  in  pro|>ortion  to  its  distance  from  the  eye. 

If  the  yellow  siiot  were  the  only  portion  of  the  retina  used 
I  for  visual  puriwses  we  should  suffer  the  greatest  inconvenience 
Ifrom  being  able  to  see  nothing  but  the  object  to  which  the 
V  visual  axis  w»g  directed  ;  all  side  objects,  such  as  jiassers-by  in 
Itbe  street,  the  ground  on  which  we  walk,  and  the  thousands  of 
■  other  objects  which  we  see  indirectly  with  the  periphenil  por- 
Ktions  of  the  retina,  could  then  only  be  observed  by  constant 
I  tnming  of  the  eyes  or  head. 

The  limits  of  the  nsual  field  may  be  roughly  ascertained 
Els  various  ways. 

1.  Place  the  patient  with  bia  back  to  the  window  or  gas- 
I  light;  let  him  close  one  eye,  and  with  the  other  look  straight 
I  Bt  your  nose  at  a  distance  of  about  two  feet ;  then  hold  up  your 
I  two  hands  on  opposite  sides  of  your  nose  in  the  plane  of  the 
I  fcce,  and  ascertain  to  what  extent  they  can  be  sejjarated  in  the 
I  vertical,  horizontal,  and  oblique  directions  before  they  cUsappear 
[ifrom  bis  indirect  vitiion. 

2.  Bn  Ute  Camplmetre  of  De   Wecker. — This  instrument 
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(fig.  52)  consistB  of  a  black-board,  in  the  centre  of  which  is  a 
white  cross,  to  which  the  patient  is  told  to  direct  hia  iiTsual 
axis.  The  head  ie  kept  in  position  by  a  chin-rest,  and  in  fi-ont 
of  the  bhick-board  there  are  radii  of  wire,  upon  which  white 
ballscan  be  made  to  slide  from  the  circumference  to  the  centre. 
While  the  jKitient  looks  steadily  at  the  cross,  with  the  eye  to  be 
examined,  the  white  balls  are  i)as8ed  inwards  until  the  patient 
can  just  see  them  by  indirect  vision.  They  are  thus  found  to 
describe  an  outline  of  the  visual  field. 


?  tSrta 

I.  02.     De  Wei:ker'i>  Cauipimgire. 

The  projection  of  the  visual  field  on  a  plane  Burbcel 
however,  the  disadvantage  that  the  peripheral  part«  are  fiuther 
removed  from  the  eye  than  the  central ;  and  indeed,  for  i>oiDlH 
which  are  so  far  removed  from  the  centre  that  lines  drawn  from 
them  to  the  eye  make  angles  of  more  than  45°  with  the  visual 
axis,  this  method  is  almost  impracticable.  To  obviate  this  tlm 
jierimetcr  is  used,  which  enables  the  field  to  be  projected  on  ii 
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plemisphtre  of  which  llie  eye  is  the  centre,  so  that  every  point 

I  of  the  lield  is  at  :iu  equal  dixlance. 

3.  The  Ferimeter  consists  of  the  arc  or  quadian't  of  a  circle 

I  ■which  in  turning  on  a  point  describes  a  hemisphere,  at  the 

\  «entre  of  which  the  eye  of  the  patient  is  placed.     The  hemi- 

j.sphere  thus  described  must  be  amply  illuminated  by  diffused 

I  white  light.     At  the  )>oIe  of  the  hemisphere  which  is  opposite 

1  to  the  (latient's  eye  is  a  white  spot,  which  the  )iatient  c^n  hx 
l^  direct  vision.  The  arc  is  divided  into  degrees,  starting 
from  0°,  which  marks  tlie  white  ajjot,  up  to  90°.  These  divi- 
sions are  marked  ujkiq  the  arc.  The  test  objects  should  con- 
siat  of  small  discs  of  white  and  coloiu^ed  pajier,  of  3  to  10  mm. 

.  diameter.     lu  order  to  ascertain  the  limits  of  the  visual  field 

I  we  proceed  as  follows  : 

The   head  being  fixed,  and  the  eye  to  be  examined  being 

'  placed  at  the  centre  of  the  hemisphere,  the  other  eye  is  covered 
with  a  shade.     The  jutient  is  then  told  to  look  steadily  at  the 

I  white  s^>ot  above  mentioned,  while  the  surgeon,  placing  himself 
behind  the  ])erimeter,  keeps  a  watch  on  the  intient's  eye,  so  as 
to  be  able  to  check  its  least  deviation  from  the  centre.  Then,  the 
arc  of  the  ijerimeter  being  held  in  a  certain  plane,  the  vertical 
for  example,  the  test  object  is  advanced  from  the  periphery 
towards  the  centre  of  the  arc  until  it  is  just  recognised  by  the 
eye  under  examination,  'lliis  jxiinl  corresjwnds  to  the  limit  of 
the  visual  field  for  that  meridian. 

The  horizontal  aQdobliipie  meridians  are  then  similarly  ascer- 
tained, and  the  data  are  transcribed  on  to  u diagram  or  'chart,' 
such  as  is  shown  in  fig.  t,  opposite  p.  216,  wtiich  represents 
the  projection  of  a  hemisphere  upon  a  plane  surface.  In  tliat 
diagram  we  have  a  series  of  concentric  circles  cut  by  numerous 
radii  or  diameters.     The  centre  corresponds  to  0"  or  the  point 

'  of  fixation,  and  the  diameters  to  the  different  planes  in  which 
the  measurements  have  been  made.  At  the  extremity  of  each 
isdius  a  number  shows  the  iuclination  of  the  corresponding 
meridian  to  the  vertical.  The  radii  themselves  are  also  divided 
3  equal  paris,  each  correspiondingto  10°  of  the  divisions  upon 

\  tie  arc  of  the  perimetrr. 

Thus,  eupixising  the  right  eye  to  be  under  examination  for 

L  vhite,  and  we  find  the  limits  of  indirect  vision  in  the  horizoatftl 
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laeridian  to  extend  to  90°  on  the  outer  side,  70°  on  the  inner; 
we  proceed  to  mark  these  by  dots  or  pricks  upon  the  horizontal 
line  of  the  chiirt  at  the  points  corresponding  to  90°  and  70°  on 
the  outer  and  inner  parts  respectively.  The  other  meridiuns 
ore  similarly  measured  and  marked  o£F;  and  tlie  dots  are  Soally 
joined  together  by  a  continuous  line,  in  the  manner  represented 
in  fig.  1,  on  the  opposite  page. 

In  this  way  we  find  that  the  normal  visual  field  is  not 
circular,  but  that  it  is  more  extensive  in  the  outer  and  lower 
than  in  the  iimer  and  upper  portions.  This  ia  due  partly  to 
the  fact  that  the  retina  extends  slightly  further  forwards  on  the 
inner  side  (which  of  course  corresponds  to  the  outer  side  of  the 
visual  field),  bat  chiefly  to  the  circumstanae  that  the  outer  part 
is  less  used  than  the  inner,  in  consequence  of  the  projection  of 
the  nose  shutting  off  peripheral  rays  coming  from  the  inner  side. 
Visual  field  for  colmirs.^ln  testing  the  limits  of  the  field 
for  coloma,  I^ndolt '  found  that  when  colours  of  great  intensity, 
such  as  those  of  the  solar  spectrum,  are  used  they  can  be 
recognised  quite  up  to  the  limits  of  the  field  for  white.  When, 
however,  ordinary  discs  of  coloured  pa]>er  of  abont  2  cm. 
diameter  are  used  in  the  manner  above  indicated  for  white, 
it  is  found  that  the  peripheral  portions  of  the  retina  are  less 
easily  excited  by  coloured  than  by  white  discs,  and  that  each 
colour  has  its  own  limits,  beyond  which  it  ceases  to  be  per- 
ceived by  the  retina.  Thus,  if  we  test  the  normal  eye  with  the 
fundamental  colours,  blue,  red,  and  green,  in  ordinary  bright, 
well-diffused  daylight,  we  find  that  on  {tassing  the  test  object 
from  the  periphery  towaixls  the  centre,  the  blue  ia  the  first  tw 
l)e  recognised,  after  that  the  red,  and  next  the  green.  If  the 
fields  for  each  of  these  colours  are  respectively  taken,  and  their 
outhnes  marked  with  coloured  pencils,  we  obtain  a  chart  similar 
to  that  represented  in  fig.  1  on  the  opposite  page.  Thus  we  find 
that  the  field  for  blue  is  almost  as  large  as  that  for  vhite,  that 
it  is  larger  than  that  for  red,  whilst  the  field  for  green  is  con- 
siderably smaller  than  that  fof  red. 

Of  the  other  colours  of  the  spectrum,  thu  field  for  yellow  is 
xery  similar  to  that  for  blue  ;  the  field  for  orange  exists  between 
the  limits  of  the  yellow  and  the  red.  Violet  is  a  difficult  colour 
>  Ufaminatim  i>f  the  Eytt,  1870,     B;  Dr.  K.  LatulaU 
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to  test;  it  appears  for  a  considerable  distance  as  blue  before 
its  colour  is  really  recognised  as  violet.  The  three  fundamental 
colours,  red,  green,  and  blue,  are  really  all  that  are  required  in 
practice. 

The  limits  of  the  normal  fields  for  colour  are  necessarily 
diflScult  to  fix  with  accuracy,  because,  as  we  haVe  seen,  the 
sensibility  of  the  retina  varies  with  the  intensity  of  the  colour 
and  the  brightness  of  the  illumination ;  and  the  acuteness  of 
vision  for  colour  is  much  less  marked  at  the  periphery*  than 
towards  the  centre  of  the  field. 

From  a  number  of  experiments  on  this  subject,  Landolt  is  of 
opinion  that  the  following  should  represent  the  minimum  extent 
of  the  normal  visual  field  for  colours : 


Other  obser\'er,«,'  however,  consider  that  the  normal  limits  are 
considerably  less  than  this.  This  difference  of  opinion  i» 
doubtless  owing  to  different  conditions  in  experimenting. 

Scotomata. — Having  ascertained  the  limits  of  the  visual 
field,  it  i»  necessary  to  examine  its  area  in  order  to  ascertain  if 
there  exist  any  blind  s]iots  {scotomata).  These  may  be  com- 
plete or  fiartial.  When  complete,  the  test  object  entirely  dis- 
appears from  \iew  ns  it  passes  over  the  affected  area.  \\Tien 
partial,  the  object  is  only  obscurely  seen.  This  is  effected  by 
passing  the  t^st  object  from  the  jieriphery  of  the  field  towards 
it«  centre  in  the  different  meridians.  The  patient  fixes  the 
white  spot  on  the  perimeter  as  before,  and  is  instruct«'d  to  give 
a  sign  the  moment  that  the  object  becomes  obscure  or  entirely 
disappears,  and  when  it  again  becomes  clearly  visible.  These 
points  are  then  recorded  on  the  chart. 

The  blind  tpot. — There  is  one  part  of  the  field  in  which  a 
scotoma  i^  alwiiys  ])resent ;  this  corresponds  to  tlie  ojitic  disc, 
where,  as  we  have  seen,  the  retina  does  not  exist.  In  emme- 
tropic eyes  the  position  of  this,  the  blind  «^l,  is  about  15°  to 
the  outer  side,  and  3°  below  the  centre  of  the  field.  In  byper- 
metropia  this  distance  is  greater,  and  may  be  as  raWcXx  as  19"; 
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whilst,  in  myopic  eyes  it  is  leas,  and  seldom  exceeds  1 1°.  The 
form  of  the  blind  spot  ia  nsually  round,  and  its  diameter  aub- 
tends  an  angle  of  5°  to  6°. 

Scoiomata  for  coloura  are  tested  for  in  the  same  way  as 
those  for  white. 

Numerous  forms  of  the  perimeter  have  been  introdnced 
since  this  instrument  waa  first  used  by  Aubert.  For  a  long 
time  I  was  in  the  habit  of  using  the  instrument  known  a» 
Forster's  i>erimeter ;  this  is,  however,  an  exceedingly  cnmher- 
some  apparatus,  consisting  of  a  broad  semicircle  of  wood,  which 
can  be  rotated  about  its  centre  ;  the  test  object  is  moved  along 
this  by  a  system  of  pulleys.  There  is,  however,  no  advantage 
in  using  a  semicircle,  and  most  modem  instruments  have  a 
quadrant  only. 

The  fi elf-registering  machine  recently  invented  by  Mr. 
McHardy,  and  that  still  more  recently  introduced  by  Mr. 
Priestley  Smith,  are  very  excellent  for  the  rapidity,  accuracy, 
and  facility  with  which  they  can  be  employed. 

In  Mr.  HcHaidy'a  perimeter  (fig.  53)  there  is  a  chin  rest  (e) 
and  a  biting  fixation  bar  (m;.  The  height  of  the  rest  and  of 
the  stem  which  supports  tLc  quadrant  can  be  regulated  to  suit 
different  patients. 

The  test-object — a  disc  of  white  and  coloured  jiaper — is  fixed 
on  a  traveller,  which  is  moved  by  an  endless  hand  worked  bv 
rotating  the  milled  head  (i).  The  hand  of  the  surgeon  can  Im' 
concealed  while  rotating  this  by  affixing  the  shield  shown 
detached  in  the  figure  (n). 

The  chief  novelty  in  the  instrument  is  the  mechanism  by 
which  the  registering  of  the  field  is  accomplished.  The  milled 
head  ( j),  in  addition  to  moving  the  traveller  (i),  rotates  two 
toothed  wheels,  which  cause  two  slips  of  metal  to  move  in  the 
same  direction  as  the  traveller,  and  at  -j^  and  ^  of  its  «peed 
respectively;  fi^m  each  of  these  thSre  projects  backwards  a 
sharp  pointer  (j>) ;  these  are  so  jilaced  that  when  the  traveller 
is  at  the  fixation  point  (zero)  their  extremities  lie  exactly 
behind  the  fixation  point. 

The  chart  is  placed  in  a  frame  supported  on  a  hinged  limb 
(e),  in  such  a.  position  that  when  the  traveller  is  at  zero  the 
pointers  cftrespond  to  the  centre  of  the  chart. 
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'  The  qaadrant  can  be  rotatdd  to,  and  &ied  in,  any  position  ; 
t  Had  as  the  plates  supporting  the  iwinters  move  with  it,  their 


HuHanl/'s  rerimeter.' 


'  line  of  inovemeut  iilintyB  correspoDda  witli  the  position  of  the 

I  4]tiadrant. 

In  using  the  inetniment  the  slow-t  ravelling  pointer  is  ubu- 

I  allj^  employed,  and  the  other  (which  is  intended  for  mapping 

I  flut  limited  areas  on  an  enlarged  wale)  is  removed. 

Us.  Frieitle;  Smith's  perimeter.* — The  general  arrangement 

\  «f  the  instrument  will  be  undt-isfood  from  6g.  54  ;  the  follow- 
ing [loints,  only,  need  be  particularly  descrihed.  When  the 
traveller  has  reached  the  limit  of  the  visual  field  the  chart  is 
Itressed  against  the  pointer  ;  the  jtosition  of  the  test-object  is 
thus  recorded  on  the  cliart  by  a  puncture. 

■  Thia  iiutruiurnt  (wiih  chuU)  ia  «old  by  UeMia.  Pickwd  tt  Cttnj,  ot 
lU  QrnBl  PoTtliuid  Slreet,  W.    It*  price  i*  U.  10*. 

*  ThU  imlrumonl  (wlUi  olmrtj)  is  boW  by  Meawi.  Piokud  k  Corry.  of 
106  Grail  I'orllonil  Slrvol,  W.     II*  [irim  in  41.  If. 
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!.  Tbe  patient  rests  his  cheek  against  the  wooden  pillar,  so 
that  the  eye  is  about  an  inoh  and  a  half  above  the  knob,  and 
vertically  over  it.  The  height  of  the  instrument  is  regalated 
by  movable  blocks. 

2.  The  quadrant,  which  is  a  flat  striji  of  metal  engraved 
upon  itfl  two  sides,  is  rotated  by  a  wooden  hand-wheel  attached 
to  the  axis;  it  is  balanced  by  a  weight  upon  the  hand-wheel, 
so  that  it  will  stand  in  any  position  without  being  fiied. 

3.  The  teat-object  is  a  square  of  paper  gummed  m»on  a  light 
vulcanite  wand  which  the  oi^erator  holds  in  the  left  hand.  With 
the  right  hand  he  rotates  the  hand-wheel,  and  jiricks  the 
chart. 

4.  The  chart  is  placed  upon  the  hinder  surface  of  the  hand- 
wheel,  and  rotates  with  it.  There  is  a  mark  on  the  hand-wheel 
to  show  which  way  the  chait  is  to  be  placed.  This  mark  is 
brought  to  the  top,  and  the  chart  is  then  slipped  in  from  above 
downwards  and  in  the  upright  position. 


Tia.  fi4.— Prioslley  Sinitli's  Prrimelpr. 


5.  Immediately  behind  the  hand-whoel  is  fixed  a  horizontnl 
scale,  the  divisions  of  which  correapnnd  with  the  circles  on  the 
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chart.  A^  the  quadrant  rotates  the  chart  rotates  nith  it,  and 
in  whatever  poEition  the  quadrant  stands,  the  corresponding 
meridian  of  the  chart  stands  against  the  scale.  This  arrange- 
ment enables  the  operator  to  prick  off  his  ohservations  with  the 
greatest  ease,  and  has  the  further  advantage  that  the  chart  is 
constantly  under  inspection,  and  that  any  portion  of  the  field 
can  be  iramediatety  brought  under  examination  at  any  time. 

6.  The  charts  are  of  two  kinds,  A  and  B.  The  A  chiirts 
correspond  to  the  entire  field,  and  are  divided  by  circles  from 
(f  to  90°,  the  limits  of  the  average  normal  field  being  shown  by 
a  dott-ed  line.  The  B  charts  are  for  mapping  the  eentral  part, 
of  the  field  on  a  larger  scale,  and  are  divided  from  0°  to  46°. 
Tlic  scale  of  the  perimeter  is  graduated  accordingly  ou  its  two 
sides;  the  A  sideii;  tube  used  with  the  A  charts,  and  the  Bside 
with  the  B  charts. 

7.  There  are  many  cases  in  which  it  is  better  to  sweep  the 
field,  or  parts  of  it,  in  circles  ratiier  than  in  meridians,  e.g. 
hemiopic  and  sector-like  defects,  in  which  the  boundary  line  of 
the  field  runs  in  a  meridional  direction.  In  cases  of  this  kind, 
the  test-object  may  be  placed  in  the  clip  which  slides  upon  the 
quadrant,  and  carried  round  the  field  in  successive  circles,   (  Vide 

'  'Ophthalmic  Review,' November  1882.) 

I         The  importance  of  systematic  observation  by  menns  of  the 
perimeter  is  paramount.     There   is   scarcely  a  lesion  of  the 
interior  of  the  eye  which  is  not  accompanied  by  perimetric 
symptoms.    Not  only  does  it  frequently  assist  in  establishing  a 
diagnosis  which  without  its  aid  would  li&ve  been  doubtful,  but 
[  ft  prognosis  of  the  case  can  often  be  cffcctod  by  this  means 
I  which  would  otlierwise  liave  been  impossible.   Thus,  in  atrophy 
}  of  the  optic  nerve  there  is  always  found  to  be  a  contraction  of 
tiie  visual  field  nt  least  for  colonrs,  and  although  this  affection 
1  ffl  easily  recognised  in  the  advanced  condition,  yet  there  are 
^  many  eases  occurring  in  practice  where,  at  the  onset  of  the 
disease,  the  discs  are  not  pru-tjcularly  pale,  nor  ore  the  vessels 
eontmcted.     Under  such  circarastances  the  discovery  of  con- 
traction of  tlio  visual  field  for  colours  is  of  great  assistance,  both 
in  the  diagnosis  and  in  thv  prognosis  of  the  affet^lJon.     Fig.  2, 
opposite  p.  216,  shows  such  a  case,  in  which  a  man  aged  40  was 
suffering  from  gradual  failure  of  vicion  in  both  eyes.   The  vision 
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in  each  eye  was  only  -^.  The  discs  were  not  remarkably  pale, 
nor  was  the  visual  field  for  white  greatly  contracted ;  but  on 
carefully  testing  his  field  for  colours  it  was  found  that  the 
colour  sense  of  the  peripheral  portions  of  the  retina  waa  con- 
siderably dinunisbed.  In  advancing  optic  atrophy  the  contrac- 
tion of  the  visual  field  is  almost  as  constant  a  symptom  as  the 
failure  of  acuteness  of  vision. 

In  glaucoma  the  contraction  of  the  visual  field  is  quite 
characteristic  of  the  disease.  First  the  inner,  and  then  the 
upper  and  lower  portions  of  the  field,  begin  to  contract,  and  this 
gradually  extends  towards  the  centre  of  the  field,  the  central 
and  outer  parts  aloue  remaining  unaffected.  At  a  later  period 
even  the  central  vision  is  abolished,  leaving  only  a  portion  of 
the  outer  part  of  the  field  intact.  Finally  even  this  is  lost. 
The  remarkable  featme  of  'this  diminution  is,  that  the  contrac- 
tion of  the  fields  for  colours  apjiears  to  advance  at  the  same 
rate  as  that  for  white,  and  so  retain  throughout  a  concentric 
arrangement  similar  to  that  existing  in  health.  Fig.  1,  on  the 
opposite  page,  shows  the  usual  condition  of  concentric  limitation 
of  the  field.  It  was  taken  from  a  case  of  moderately  advanced 
chronic  glaucoma.  There  is  sometimes  a  difficulty  in  distinguish- 
ing between  chronic  glaucoma  and  partial  atrophy  of  the  optic 
nerve.  The  cupping  of  the  disc  may  be  slight,  and  there  may 
be  i>aUor  in  both  afiections ;  but  in  the  case  of  glaucoma  the 
fields  for  colour  are  only  limited  in  proportion  to  the  contmction 
for  white,  whilst  in  atrophy  the  colour  sense,  more  especially 
for  green  and  red,  may  be  almost  abolished.  Compare  the 
charts  of  optic  nerve  atrophy  and  glaucoma  opposite  pp.  216 
and  222. 

In  pigmmtary  retinitis  there  la  also  contraction  of  the 
field,  which  is  alone  almost  characteristic  of  the  disease.  Here 
we  find  concentric  Umitation  of  the  field,  which  involves  all  the 
peripheral  (Kirt.ions,  and  leaves  a  small  circular  area  ai-ound  the 
centre  in  which  the  vision  for  colours  is  comparatively  good. 
Fig.  2,  on  the  op]>osite  page,  shows  the  chart  of  a  man  eufll'ering 
from  this  affection. 

In  detachment  of  the  rethut,  also,  the  use  of  the  perimeter 
is  often  of  service.  Thus,  having  found  by  the  ophthalmoscope 
that  a  portion  of  the  retina  iit  detached,  we  proceed  to  asoertaia 
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the  limits  of  the  field  for  white.  Findiog  a  limited  portion  in, 
say,  the  upper  half  of  the  field,  destroyed,  we  know  from  this 
that  the  curresifouding  lower  half  of  the  retinji  is  aejiarated 
from  the  choroid.  Now,  by  further  testing  the  lower  half  of  tbia 
field  for  colours  we  may  still  learn  something  as  to  )irogno9is. 
If  we  find  the  limits  of  the  fields  for  colour  extending  quite 
up  to  the  edge  of  the  detachment,  this  may  be  regarded  as  a 
favourable  indication ;  if,  on  the  contrary,  the  colour  sense  is 
defective  at  some  distance  from  the  detachment,  a  further 
separation  of  the  retina  is  to  be  feared. 

In  the  varloua  forma  of  hemiopia,  again,  it  is  advisable  to 
keep  a  reconl  of  the  limits  of  the  persistent  part  of  the  field 
both  for  white  and  for  colours.  It  is  not  at  all  uncommon, 
especially  in  homonymous  hemiopia,  to  find  the  persiatent  half 
of  the  visual  field  in  a  state  of  perfect  visual  acuity,  botti  for 
white  and  for  colours.  A  chart  of  such  afield  is  shown  in  fig.  2, 
opjmsite  p.  206,  Xow,  it  is  possible  for  the  central  cause  of  this 
aETeetion,  such  as  a  small  hsemorrliage  in  the  corresponding 
hemisphere,  or  the  prcssiue  of  a  gumma  upon  the  optic  tract,  to 
recede  and  so  allow  the  hemiopia  to  disappear;  and  on  the 
other  Iinnd,  the  central  lesion  may  so  increase  as  to  extend  to 
the  opposite  optic  tract.  By  careful  perimetric  observation  we 
may,  to  a  great  extent,  ascertain  the  condition  of  things  going 
on  within. 

In  the  various  forms  of  toxli:  a-mauroitui — of  which  those 
due  to  tobacco  and  alcohol  {vide  p.  203)  are  the  most  common 
— the  perimeter  is  a  valuable  instrument  of  diagnosis,  for  by  it 
we  are  enabled  to  discern  a  central  scotoma  for  colours,  which 
is  pathognomonic  of  these  affections. 

Other  forms  of  scotoma  are  sometimes  found.  That  known 
as  the  rin;i  scotoiiM  forms  a  band  round  the  [wint  of  fixation, 
while  the  adjacent  jwrtion  of  the  field  is  unaffected,  and 
may  easily  be  overlooked  unless  the  field  be  very  carefully 
tested.  What  the  significimce  of  this  and  other  rare  forms  of 
scotoma  ia  we  are  not  at  present  in  a  position  to  state;  but 
there  can  be  no  doubt  that  the  perimeter  will  in  the  future  be 
of  considerable  help  in  the  differential  diagnosis  of  many  of 
the  cases  of  amblyopia  without  oi>htlia1mos('opic  signs,  the 
pathology  of  which  ia  at  present  obscure. 
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The  field  of  flxatioa  is  a  tenu  used  to  express  the  amount  of 
fttigubir  deviation  from  a  line  at  right  angles  to  the  plane  of 
the  face  which  can  be  given  to  the  eye  by  its  mu-cles.  This 
can  also  be  inejisured  by  means  of  the  perimeter.  The  patient 
is  iilacetl  in  the  mme  position  as  for  testing  the  visual  field. 
Instead  of  employing  discs  as  test- objects,  we  substitute  a  letter 
of  the  alphabet,  which  is  of  such  a  size  that  its  form  can  only 
be  recognised  when  its  image  falls  on  the  yellow  spot.  The 
slide  of  the  perimeter,  with  the  letter  attached,  is  now  passed 
from  the  centre  towards  the  periphery  of  the  arc,  and  the 
patient  is  told  to  follow  it  with  his  eye,  and  to  give  a  sign  as 
soon  as  he  can  no  longer  distinguish  its  form.  The  angle  at 
which  the  form  of  the  letter  is  lost  is  then  marked  upon  a 
chart  similar  to  those  used  for  the  visual  field.  The  process  is 
repeated  for  the  remainder  of  the  horizontal,  the  vertical,  and 
the  intermediate  meridians.  The  points  thus  obtained  are 
then  connected  by  a  continuous  line,  which  majis  out  the 
limits  of  the  field  of  fixation  for  that  eye. 

From  a  large  number  of  experiments  made  in  this  way 
upon  healthy  eyes,  Landolt  has  found  that  the  average  limita- 
tions of  the  normal  field  of  fijtation  aie  as  follow : 
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It  is  evident  that  this  method  of  testing  the  movements  of  the 
eye  produced  by  the  action  of  the  ocular  muscles  vonld  be  of 
great  help  in  recording  any  deficiency  iu  the  action  of  these 
muBcles.  Thns,  supposing  tUe  external  rectus  to  be  paralysed, 
we  should  find  that  the  limits  of  the  field  of  fixation  would  not 
extend  to  45%  but  would  be  nearer  to  zero  in  proitortion  lo  the 
completeness  of  the  paralysis.  kSimilarly  for  all  the  ocular 
muscles. 

In  the  chapter  on  Strabismus  it  will  be  found  that  the 
of  the  perimeter  in  tracing  the  field  of  fixation  is  not  only 
useful  in   this  way,  hut  also  in  distinguishing  the  paralytic 
from  other  forms  of  squint. 

Tht  field  of  fixation  can  also  be  awvrtaincil   objectivdy. 


J 
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['To  effect  fhis  a  lighted  taper  i.s  jtassed  nloEg  the  are  of  the 
perimeter  instead  of  the  letter  just  mentionud.  The  poai- 
tioiiB  of  the  patient  and  the  observer  nre  the  snme  as  before. 
The  patient  is  then  told  to  direct  the  eye  aa  far  a»i  ]>osRible  in 
the  direction  of  the  periphery  of  the  arc.  Having  done  this,  the 
observer  passes  the  light  along  the  are  until,  hy  keeping  hie 


own  eye  just  behind  it,  he  is  able  to  see  its  image  in  the  centre 
of  the  patient's  cornea.  Since  the  re9e>cted  pencil  of  rays  only 
coinctdf^s  with  the  incident  rays  when  it  ties  on  the  principal 
axia  of  the  cornea,  this  t^-st  gives  the  position  of  the  latter,  and 
althoQgh  this  does  nut  exactly  coincide  vith  the  vmtal  axis, 
the  difference  is  unimportAnt.     He  then  reads  npon  the  arc 
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(a  a,  fig.  oo)  the  position  (a;)  of  the  taper,  and  then  proceeds 
to  register  the  other  meridians  in  a  similar  manner  (Javal). 

The  angle  *  aJ/phay  or  the  angle  formed  by  the  intersection  of 
the  visual  line  and  the  optic  axis,  can  also  be  determined  by  the 
perimeter.  The  patient  must  be  made  to  fix  the  lighted  taper 
placed  at  zero  ;  the  observer  then  moves  his  eye  along  the  arc 
until  the  reflection  of  the  flame  is  seen  in  the  cornea ;  he  then 
reads  the  angle  between  this  point  and  the  flame,  which  is 
double  that  of  the  angle  alpha.  (This  experiment  is  accurate 
only  when  the  principal  axis  of  the  cornea  coincides  with  that 
of  the  whole  eye.) 

A  recent  writer  (Wecker  and  Landolt,  p.  110)  ha^  employed 
the  term  angle  *  alpha '  to  express  the  angle  formed  by  the 
visual  line  and  the  axis  of  the  cornea ;  it  has,  however,  been 
thought  better  to  retain  the  original  sense  of  the  term. 
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L'H AFTER   X. 

OX  COLOVIl-VIStOy  AXD   its  DEt'ECTS. 

n*  W.  Adjims  Fkost,  F.R.C.S. 

Honnal  ooloor-Tiaion. — [.ight  ia  transmitted  by  means  of  tnins- 
verae  waves  of  ether;  the  wnvea,  however,  in  white  or  colour- 
lesa  light  are  not  of  one  uniform  ly[>e,  but  vary  in  height  and 
rapidity  of  vibration.  The  waves  of  greatest  height  and  slowest 
vibration  are  less  easily  refracted  than  tlie  lesser  waves  with 
iu<irft  rapid  vibration  ;  hence,  when  a  beam  of  solar  light  ]Nieses 
through  a,  prism,  it.  undergoes  difpersum,  or  a  seiNiratiou  iuto 
wavea  of  different  ratea  of  vibration.  Such  of  these  waves  as 
capable  of  exciting  the  retina  give  rise  to  the  sensation  of 
and  the  series  of  coloars  caused  by  the  decom{x>8ition 
ight  is  called  a  spectrum.  The  largest  waves  which  are 
capable  of  exciting  the  retina  give  rise  to  the  sensation  of  red,  the 
<riialle»t  to  that  of  violet ;  between  these  extremes  are  waveK 
of  gmdually  decreasing  size  and  increasing  rates  of  vibration 
Awn  the  red  to  the  violet,  and  these  give  rise  to  various  colour*. 
The  colours  of  the  spectrum,  and  their  order,  are  as  follows; 
(Ifrat  rai/s),  Reo,  Orange,  Yellow,  Grekn,  Prussian  Blue, 
igo,  \'ioLKT  (chemical  rai/e). 

These  are  the  only  ether  waves  capable  of  eicitiug  the 
inn;  but  at  each  end  of  the  visible  spectrum  there  are 
invisible  waves.  Those  beyond  the  red  are  of  stilt  greater 
height,  and  are  railed  heat  rays ;  and  beyond  the  liolet  are 
smaller  waves,  which  are  called  chemical  rays.  The  ilifference, 
however,  is  of  degree,  and  not  of  kind,  for  all  the  rays  possesn 
heat  and  chemical  action,  and  the  visible  jiortion  of  (he  spec- 
trum owes  its  visibility,  not  to  any  iliflTerence  in  its  physical 
iictrr,  hut  to  the  construction  of  our  visual  apparatus. 
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Light  is  reflected  from  objects  in  varioua  ways.  A  suHace  ' 
reflecting  light  perfectly — a  perfect  mirror — would  be  colour- 
less and  invisible,  A  aurface  which  reflects  all  the  waves  in 
the  same  proportion  as  they  eiiaf.  in  white  light,  but  reflects 
the  waves  irregularly,  appears  white.  A  surface  reflecting  na 
light,  but  quenching  or  absorbing  all,  would  be  invisible;  if  it 
reflected  only  suflicient  light  to  render  it  visible,  it  would  appear 
black ;  so  that  a.  black  surface  in  visible  only  in  consequence  of 
the  inii>erfection  of  its  blackness.  A  coloured  surface  quenches 
some  waves  of  colourless  light,  and  reflects  others ;  it  is  from 
the  latt«r  that  we  judge  of  the  colour  of  the  surface. 

For  the  aake  of  clearness,  the  following  terms  in  relation  to- 
cnlours  should  always  be  used  in  the  same  sense.  DiETerences 
in  hue  or  tone  are  those  which  exist  between  the  different 
colours  of  the  spectrum,  as  red,  yellow,  blue,  &c.  ^uUneea  or 
aaturalioti  depends  on  the  amount  of  coloured  light  reflected ; 
the  more  white  light  is  reflected  with  a  colour  the  less  the  degree 
of  saturation.  Brightness  depends  on  the  total  amount  of  light 
reflected.  A  colour  which  is  much  diluted  with  whit«  w& 
speak  of  as  pale  or  light.  The  term  fall  or  deep  should  mean 
that  a  large  quantity  of  the  coloured  light  is  reflected,  and  very  i 
little  white ;  while  dark  means  that  a  comparatively  small 
quantity  of  coloured  light  is  reflected,  hut  none  of  any  other 
kind — in  other  words,  it  is  mixed  with  btuck. 

Additional  proof  that  white  light  is  composite  is  afforded  by 
the  fiict  that  the  colours  of  the  spectrum  can  be  re-combined,  so 
as  to  form  white,  by  condensing  them  by  means  of  a  leus,  and  that 
if  the  colours  be  painted  on  a  disc  (Maxwell's  disc)  in  the  same 
proportions  as  they  exist  in  the  8i>ectrum,  and  the  disc  be  roUtM 
rapidly,  a  grey  is  produced,  which  approac-hes  white  in  proper^ 
tion  to  the  purity  of  the  pigments  used  and  the  accuracy  with 
which  the  relative  quantity  of  each  colour  has  been  measured.      i 

In  order  to  produce  white,  however,  it  is  not  necessary  tO' 
employ  all  the  colours  of  the  ai>ectrum ;  a  mixture  of  red,  green, 
and  violet  will  suflnce.  These  colours  are  the  only  ones  that 
cannot  be  produced  by  a  mLrture  of  others,  hence  they  are  called 
fimdamental  or  priTtuir;/.  Any  other  colour  of  the  spectrum  (or  ' 
a  colour  indistinguishable  from  it  by  the  eye)  can  be  produced 
by  a  combination  of  the  primary  colours  on  either  side  of  it.    In 
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I  speaking  time  of  the  mixture  of  colours  it.  muiit  be  understood 
)  that  coloured  tight  is  meant ;  the  effect  of  mixing  pigments  is 
I  4iSerent,  because  the  pigments  are  impure  ;  thus  a  mixture  of 
)  blue  and  yellow  light  produce»  white,  but  if  blue  and  yellow 
I  pigments  be  mised,  green  is  produced  ;  this  is  because  each  of 
I  the  pigments  reflects  some  green  light  in  addition  to  its  own 
I  colour,  so  that  hy  their  union  a  green,  more  or  less  mixed  with 
I  -white,  is  produced. 

Since   white  can  be  made   by  mixing  the  three   primary 

colours,  it  follows  that  to  each  one  of  these  there  corresponds  a 

complementary  colour  (i.e,  a  colour  whose  addition  is  required 

to  make  white),  which  is  formed  by  a  combination  of  the  other 

,  two. 

Thus  thu  cumplcmcnt  of  redit  green  +  violet  ^iJuijA-ynvn 
„  „  green  is  red  +  violet  -purple 

„  „  riolet  is  red  +  gieea  ^^  j/eUoitruA-gTern. 

In  the  same  way,  to  each  colour  in  the  spectrum  there  is 
another,  which,  added  to  it,  produces  white,  and  which  is  there- 
fore said  to  be  complementary  to  it.  llie  relative  positions  of 
a  t'oiour  and  its  complement  are  the  same  throughout  the 
spertrum.  Thus,  if  a  colour  be  taken  which  lies  to  tlie  right 
of  red,  e.g.  orange,  its  complement  will  lie  to  the  right  of 
bluish  green,  viz.  blue,  and  so  throughout  the  spectrum. 

But  here  we  must  guard  against  an  error.  Each  colour  in 
the  spectnim  has  a  de&nit«  wave-length,  and  rapidity  of  vibra- 
tion jieculiar  to  itself;  and,  though  the  visual  sensalion  produced 
by  the  mixture  of  two  of  the  so-called  fundamental  colours  is 
lodietinguishable  from  that  produced  by  thespectral  colour  that 
lies  between  them,  this  resemblance  is  probat»ly  only  due  to  the 
Imperfection  of  our  colour-sen^.  Viewed  in  this  light,  the 
•e^jaration  of  the  colours  of  the  spectrum  into  fundameotal  and 
non-fuudameutnl  has  a  great  valne  in  relation  to  our  perception 
of  «)Ionrs,  but  none  in  relation  to  their  physical  properties ;  iu 
other  words,  its  value  is  physiological  rather  than  physical. 

Purple  seems  to  occupy  an  anomalous  position  in  the  xcale 

I  of  colours,  for  it  is  formed  by  the  uaion  of  red  and  violet ;  yet 
these  do  not  lie  on  either  side  of  it,  but  at  opposite  ends  of  the 
ipectrtim.  We  have  seen  that  beyond  either  end  of  the  visible 
r 
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continuous  series  with  those  of  the  visible  spectrum;  so  thatl 
from  the  large,  slowly  vibratiog,  ultra-red  waves  the  rate  of  I 
vibration  gradually  increases  through  all  the  siiectral  coloi 
the  invisible  ultra-violet  rays ;  how  far  they  eitend  iu  either  I 
direction  we  have  no  means  of  knowing,  but  tbpre  is  no  ground  I 
for  supposing  that  they  stop  short  at  the  point  where  we  cease 
to  be  able  to  follow  them.     If  we  assume  that  beyond  the  violet 
these  waves  eitend  ad  inJlnitHm,  their  rate  oi  vibration  increas- 
ing at  the  same  rate  as  in  the  visible  £[>ectnun,  it  is  evident 
that  at  some  distance  beyond  the  violet  they  would  form  a  series 
of  waves  which  would  stand  in  the  same  relatiou  to  the  coloi 
of  the  visible  spectrum  as  a  series  of  musical  notes  to  their  | 
octaves.     On  this  hypothesis  piu^ile  would  take  its  proper  place  J 
between  the  violet  of  the  visible  spectrum  and  the  octave  of  1 
the  visible  red,  and  the  light  of  the  sun  would  consist  of  an  f 
infinite  series  of  waves,  of  which  only  a  single  octave  would  l>e  | 
capable  of  exciting  any  visual  sensation. 


The  relation  of  the  colour  sens-ations  to  each  other  and  to 
white  may  be  conveniently  represented  by  a  circle  formed  by  all 
the  colours  of  the  spectrum,  the  red  and  violet  being  united  hy 
various  shades  of  purple,  and  white  being  jdaced  in  the  middle. 
Each  colour  and  its  complemeut  would  then  lie  at  oppoeite 
extremities  of  the  same  diameter,  while  whitt',  wliich  h  formed 
by  their  union,  would  lie  between  them.  Such  a  diagram, hoi 
ever,  would  give  no  indication  of  the  proportion  of  each  c 
necessary ;  this  can  be  done  by  altering  the  circle  to  a  ti 
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md  placing  the  fundamental  colours  at  the  angles ;  n  colour 
I' formed  Tjy  the  combination  of  any  two  will  then  be  found  on  the 
l^ne  between  them  (fig.  56).  \\'e  shall  presently  see  that  the 
jpurest  primary  colours  do  not  give  rise  to  the  purest  possible 
K;«eDBatiou  of  those  colooTB,  so  that  the  eensaUons  which  w^call 
^Ted,  green,  and  violet  are  indicated  by  a  position  a  little  re- 
1  moved  from  the  angles,  The  position  of  the  various  colours, 
Bjmd  of  white,  is  so  chosen  that  the  latter  always  lies  on  the 
■line  connecting  the  complementary  colours,  and  )iroportiouat«ly 
nearer  to  that  one  of  which  it  containN  most ;  and  in  the  same 
Tray,  any  compound  colour  lies  on  the  line  between  its  com- 
llponcntti,  and  proportionately  nearer  to  the  one  of  which  it  con- 
\  -tains  most. 

There  is  reason  to  believe  that  our  senae  of  colour  is  very 
I  defective.  In  the  first  place,  we  know  that  there  are  waves  on 
^Cach  side  of  the  visible  sjiectrum,  which,  although  tliey  [)osse8s 
I  DO  other  difference,  as  far  as  we  can  ascertain,  from  those  of  the 
I  visible  spectrum,  yet  excite  no  visual  sensation.  In  the  second 
I  place,  the  same  visual  impression  is  caused  by  colours  that  have 
1 4IO  other  claim  to  be  considered  as  identical.  Thus,  ii  mixture 
■  of  red  anil  bluish -green,  and  one  of  yellowish-green  and  violet, 
I  alike  produce  the  sensation  of  white  ;  yet  a  surface  illuminated 
I  by  the  first  would  in  a  photograph  come  out  black,  while  the 
I  second,  under  the  same  conditions,  would  a])p«ar  very  bright ; 
tby  meanH  of  a  priistii,  too,  tJic  mixtures  could  be  resolved 
I  into  their  component  colours.  Helmholtz  has  comjiared  nui' 
Loolmir  and  musical  senses,  and  shown  how  much  mon?  highly 
kdcvelo]*ed  the  latt«r  is;  for  a  good  musical  ear  can  not  only 
I  assign  to  every  note  heard  singly  its  true  value,  but  can  resolve 
I  chord  into  the  notes  of  which  it  is  compounded,  and  even  in 
|>  tlie  combined  effect  of  an  orchestra  can  recognise  each  com- 
Iponent  sound. 

We  shall  presently  see  that  the  visual  sensations  produced 
I  |)y  the  fundamental  spectral  colours,  although  the  purest  ever 
\  experienced,  are  under  the  ordinary  conditions  of  vision  less 
[  pure  than  cerlain  std^Kllve  sensations  of  these  same  colours. 
We  must  first  glance  at  the  physiological  relation  that 
I  extrts  between  complementiry  colour-sensations.  If  any  bright 
\  colour  be  looked  at  steadily  for  about  half  a  minute,  and  the 
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eye  be  then  directed  to  some  white  or  grey  surface,  an  aftet 
imnge  is  Been,  whose  colour  is  comiilementary  to  that  of  the 
siirfece  originally  looked  at.  If  the  complement  to  one  of  the 
spectral  colours  is  looked  at  in  this  manner,  the  hue  in  the 
aft^-image  is  brighter  than  the  eorresjjonding  hue  in  the 
spectrum,  and  gives  rise  to  a  [lurer  sensation  of  tJiat  colour 
than  can  be  obtained  in  ajiy  other  way. 

To  construct   a  theory  of  the  mode  in  which  colours 
perceived,  which  should  esplain  the  relation  of  the  fundament 
to  the  other  colours,  the  physiological  relation  of  the  comple- 
meutary  colours,  and   the  nustakeR  made    by  those   who  are 
colour-blind,  was    a    problem   which   occupied    physicists    and 
physiologists  during  the  first  half  of  this  century.     In  1800, 
however,  the  mighty  intellect  of  Thomas  Young  had  already 
formukted  such  a  theory  ;  but  as  it  was  about  hiUf  a  century  in 
iuFvauce  of  the  accepted  physiology  of  his  day,  it  lay  dormant 
■  and  forgotten,  until  revived  and  slightly  modified  by  Helmhol 
when  it  vta&  found  not  only  to  explain  nearly  all  the  phenomt 
associated  with  our  perception  of  colours,  but  to  be  in  si 
accordance  with  facts  which  have  been  discovered  and  theori 
which  have  been  accepted  since  it  was  first  constructed, 

Yoang'B  theory  waa,  that  in  the  eye  there  existed  three  seta 
of  fibres,  each  of  which  was  excited  by  one  of  the  fundamental 
colours  and  by  the  non-fundamental  colours  near  it  in  the  spec~ 
trum,  so  that  each  fimdamental  colour  excited  only 
fibres,  but  a  non-fundamental  colour  excited  the  fibres  coi 
sponding  to  the  fundamental  colours  on  each  aide  of  it.   Thus 
and  green  would  each  excite  one  set  of  fibres  only,  while  yelli 
which  lies  between  them  in  the  spectrum,  would  excite 
the  red  and  green  fibres ;  this  explains  why  the  same  vi»i 
E^ensation  is  produced  by  a  pure  spectral  yellow,  and  a  yell 
19  produced  by  mixing  red  and  green.     This  theory,  howei 
although  capable  of  accounting  for  most  nf  the  facts  connected 
with  colour-viwon,  leaves  a  few  unexplained — for  instance,  the 
fiwt  of  the  subjective  sensation  of  the  after-image  of  bluish- 
green  (the  complement  of  red)  l)eing  more  intense  than  tha( 
caucied  by  the  jtriinary  sen^tion  of  the  purest  red  in  nn 
namely,  that  of  the  spectrum ;  it  faJli'  to  explain,  also, 
those  who  arc  blind  to  red  confuse  cei-lain  shades  of  red 
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for  according  to  it  jiure  reel  would  excite  no  visual  sea- 
ion  at  all.     To  meet  these  difficulties  Helmholtz  modified 
I  the  theory  somewhat. 

Toong-Helmholtl  theory. — This  modified  theory  is  as  follows: 

That  there  esist,  as  assumed  by  Young,  three   sets  of  fibres 

corresponding  to  the  three  fundamental  colours,  but  that  each 

these  colours,  in  addition  to  exciting  its  own  s[»eeial  fibres, 

[cites  also,  but  in  a  much  less  degree,  the  other  two.    The 

feet  of  the  various  colours  of  the  spectrum  in  different  seta  of 

be  conveniently  shown  by  the  accompanying  diagram 

;.  57).     The  curves  1,  2,  and  3  represent  res{)ectively  the 


^^^—  fibres  correBimntling  to  red,  green,  and  violet ;  the  height  of 
^^^Britbe  curve  at  any  jioint  is  in  proportion  to  the  degree  in  which 
^^^^Hft  is  stimulated  by  the  colour  indicated  below  by  ii  letter.  The 
^^^^■BdaUoq  of  white  is  produced  by  the  maximum  stimulation  of 
^^Kn  three. 

^^^H      According  to  this  view,  red  not  only  stimulateii  strongly  the 

^^^^■M  fibres,  but  also  to  »  slight  ext«nt  those  for  green  and  violet. 

^^^^^fit  then,  we  could  eliminate  tJie  action  of  the  two  latter  fibres, 

^^^^■n  Hhould  get  n  purer  sensation  of  red ;  this  can  be  done  by 

^^^B-^Kzing  at  a  t-olour  fonned  by  the  nniou  of  green  and  violet, 

viz.  blnish-green  ;  the  fibres  corresponding' to  green  and  violet 

then  become  fatigued,  and  the  complementary  red  of  the  aft^r- 

^  image  consetjuently  appears  more  vivid  than  tlie  purest   rod 

^^^■Witb  the  eye  in  its  natural  condition.     The  Vouiig-Helinholtz 

^^^■4ba(H7  is  now  very  generally  accepted  ;  there    are,   however, 

^         Mveml  rival  theories,  most  of  which  are  merely  modifications 

of  it,  and  need  not  detain  us ;  but  what  may  be  termed  the 

photo-chemical  theory  of  Hering  must  be  briefly  noticed. 

^_  Bering's  theory.— It  was  discovw-ed  a  few  yttars  ago  that 
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there  existed  in  tlie  retina  a  subBtance  whieh  received  the 
name  of  maual  jiuTpU,  upon  whicli  light  under  certain  condi- 
tions acted  chemically,  producing  h  kind  of  photograph  of  ex- 
ternal objects.  Hering  at^iiumed  that  there  are  three  substances, 
each  of  which  is  acted  on  cheniically  by  two  colours  but  in 
opposite  ways,  the  one  colour  causing  disintegration  of  the  sub- 
stance, the  iither  building  up;  and  he  accordingly  designated 
each  as  an  asaimUation  or  a  dissmiilation  colour;  these  sub- 
stances he  considers  as  correspondiug  to  the  following  pairs  :  (1) 
Red  and  green,  of  which  red  is  the  dissimilation  and  green  the 
asHLmilation  colour;  (2)  Blue  and  yellow — of  these  he  is  uncer- 
tain which  to  consider  as  dissimilation  and  which  assimilation  ; 
(3)  White  and  black,  of  which  white  is  the  dissimilation  colour. 

According  to  this  view,  white  and  black  are  considered  as 
specific  colour-sensations,  and  not  as  expressing  the  combined 
effect  of  all  colours  or  the  absence  of  light. 

The  foundation  for  Bering's  theory  is  the  assumption  that 
the  visual  pur^ile  plays  an  essential  part  in  vision,  but  this  is  by 
no  means  proved.  That  prolonged  exposure  to  light  of  a  deK- 
late  membrane  like  the  retina,  should  produce  some  changes,  is 
i]Ot  surjirising  ;  but  if  such  changes  were  essential  to  \-ision  they 
would  surely  be  most  marked  where  vision  was  most  acute, 
viz.  at  the  yellow  spot,  but  here  the  visual  purple  is  abseat, 
This  theory,  however,  does  explain  a  fact  that  the  Young- 
Helmboltz  theory  does  not  account  for,  viz.  that  a  complemen- 
tary after-image  is  seen  when  the  eyes  are  closed. 

The  retinal  elements  which  are  essential  to  colour-vision  are 
probably  the  cones,  for  they  arc  most  abundant  at  ihe  yellow  8i>ot 
where  colour-vision  is  most  acute,  and  more  sjNiraely  scattered  at 
the  periphery  where  colour-vision  is  very  defect  ive,and  in  animals 
whose  habits  are  nocturnal  the  conca  arc  absent.     (8chultze.) 

The  periphery  of  the  visual  field  is  blind  to  all  colours,  the 
field  for  green  being  the  smallest.  It  hae,  however,  been  said 
(LandoltJ  that  if  colours  of  great  intensity  be  employed  they 
can  be  recognised  quite  up  to  the  periphery  of  tlie  field.  Hiuoe 
the  coloiu-  of  objects  dept-nds  on  the  light  reflected  from  them, 
it  will  necessarily  vary  with  the  incident  light ;  if  the  amount 
of  light  reflected  is  sutBciently  bright  to  stimulate  all  the  thi 
eeta  of  fibres  to  their  maximum  extent,  the  sensation  of  white 
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w  prodaced  wbatever  may  be  1  lie  colour  of  the  reflecting  Burface 
by  A  feebler  illumiQation.  A  colour  whicli  has  the  greatest  in- 
trinsic brightness,  i.e.  reflectH  the  most  light,  most  eusily  passes 
into  white  ;  in  thiis  respect  yellow  takes  the  lead.  For  the  same 
reaaon  colours  of  a  low  degree  of  saturation,  i.e.  containing  much 
whit*-  light,  differ  less  from  each  other  in  appearance  than  more 

urated  odlours ;  thi,-  faet  has  an  important  practical  bearing  in 
iBling  tlitf  CO  lour- vision. 
Congenital  defects  of  ooloar-Tliion, — It  has  long  been  known 
that  peri^ons  are  occasionally  met  with  who,  although  possessing 
normal  sight  in  all  other  respects,  tail  to  see  any  diSerence 
between  colours  which  to  other  people  are  totally  distinct ;  they 
therefore  said  to  be  colour-blind.  The  earliest  published 
if  colour-blindness  is  that  of  a  shoemaker  in  Cumberland 
liwned  Harris  I 'PIul.Tmns.  of  Koyal  Soe.  1777').  In  1794 
Italton  diircovered  his  own  defect,  and  mentioned  other  cases. 
Bat  it  is  only  within  the  preiient  decade  that  any  attempt  has 
Iteen  made  to  ascertain  the  frequency  of  colour-blindness ;  and 
the  result  of  the  examination  of  large  numbers  of  [>ersons,  in 
thtM  country,  on  the  Continent,  and  in  .\nierica,  has  been  to 
establish  the  fact  that,  although  it  is  a  rare  dof<-ct  among 
females,  the  proi>ortion  of  colour-blind  persons  among  males 
whose  sight  is  otherwise  normal  is  not  less  thau  4  per  cent. 

That  the  percentage  should  be  so  high  geem»^  at  first  sight 
almo^  incredible,  hut  the  defect  is  one  that  can  not  unly  easily 
be  concealed  by  the  subject  of  it,  but  one  of  which  he  may  be 
himKcIf  entirely  unconscious,  lu  early  life  we  learn  to  associate 
the  oanie^  of  certain  colours  with  I  be  names  of  common  objetf1« ; 
thus  we  leani  very  early  that  grass  is  green,  the  clear  sky  blue, 
and  that  a  soldier  wears  a  red  coat ;  a  child  who  has  normal 
soon  learns  to  recognise  simiiiu'  qualities  in  other 

iecta  and  to  call  them  hy  the  same  name,  whilst   one  whose 
iQ  is  defective  learns  by  heart  the  colours  of  cummoo 

jcct«,  without  recognising  the  true  distinct  ioni*.    As  be  grow« 

ler  he  is  puzxied  to  find  other  objects  designated  by  the  same 
(>pitbet ;  if  he  attempts  to  name  the  colour  of  uufumiliar  objects 
he  makes  mistakes,  for  which  he  is  laughed  at,  and  he  probably 
thinks  uo  more  about  the  uuttt«r,  but  dofx  not  again  commit 
himKrlfto  giving  n  name  to  a  colour.   Ex<»pt  in  certain  employ- 
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ments,  it  is  very  seldom  that  one  is  called  upon  to  name  n  colour 
or  to  match  two  coloured  objects;  and  it  must,  moreover,  be  borne 
in  mind  that  the  colour-blind  do  not  confuse  all  colours,  but  only 
a  few,  and  not  iill  sliadea  of  those;  so  that  n  man  may  easily  reach 
adult  life  without  suspecting  his  defect  himnelf,  and  still  more 
easily  without  esciting  any  snspicion  of  it  among  his  friends. 
The  case  of  a  woman  is  somewhat  different,  Eicept  in  tJie  lowei 
grades  of  society,  it  would  hardly  be  possible  for  a  woman  wh) 
was  colour-blind  long  to  conceal  her  defect ;  but  among  women^ 
the  defect  is,  as  we  shall  see  later  on,  estremely  rare. 

Throughout  this  chapter  it  must  be  understood  that  we  are 
speaking  of  a  congenital,  not  of  an  acquired  defect;  in  many 
morhid  conditions  the  loss  or  impairment  of  colour-sense  is  an  iai 
portant  symptom,  and  in  some  toxic  forms  of  amaurosis — notaU 
those  due  to  tobacco  and  alcohol— the  loss  of  colour-vision  ovei 
a  limited  area  of  the  visual  field  is  a  characteristic  symptom. 
These  acquired  defects  will,  however,  be  more  appropriately  con- 
sidered under  the  diseases  in  the  course  of  which  they  occur. 

Defective  colour-vision  may  present  several  varieties  and 
degrees,  and  these  have  been  variously  classitied.   The  mistakes 
made  by  the  colour-blind  can,  however,  be  most  conveniently 
explained  by  means  of  the  Yonng-H  elm  holt  z  theory,  and  thUl^ 
therefore  series  as  the  best  basis  for  a  classification.     As  Uwf 
essence  of  this  theory  is  the  existence  of  sepaj'ate  nerve-fibi 
for  each  of  the  three  fundamental  colours,  so  defective  colcn 
vision  is  explained  by  the  abeence,  or  im|iaired  function,  of  oi 
or  more  of  these  sets  of  fibres.     Thus  we  may  have— 

A.  Total  colonr-blliids.eB8  (achromatopsia),  in  which  Ibete 
woultl  he  only  one  set  of  fibres  capable  of  excitation,  and  tiere- 
fore  all  differences  of  colour  would  only  make  themselves  known 
according  to  the  degree  of  excitation  they  caused,  and  wonid  be 
jwrceived  only  as  various  degrees  of  brightness.  Total  colour- 
blindness is,  however,  extremely  rare,  and  need  not  be  furthoe 
considered  here. 

B.  Complete  bUndneaa  for  one  of  the  fnndamental  < 
(partial  achromatopsia).     Thus  we  may  have — 

i.  Complete  red-blindness 
ii.         „  green-blindness 

iii.         „  violet-blindness  (or  blue,  according  to  Maxwell)^ 


VARIETIES  OF  COLOVR-BLINDNESfl.  237 

C.  Incomplete  blindness  for  one  of  the  fundamental  colonn. 

D.  Incomplete  blindneu  for  all  three. 

The  Iwo  liitler  may  be  conveniently  classed  together  as 
feeble  eliruuiatic  sense. 

Among  [J  ron  ounced  cases  of  colour-  blindness- — O  roup  B. — red  - 
blindness  is  the  most  common,  while  violet-blindness  is  very  rare. 

The  red-  and  the  green-blind  possess,  as  we  sliall  presently 
see,  many  points  of  resemblance,  and  are  equally  important  in 
cases  where  the  competence  of  the  subject  to  distinguish  signals 
is  in  question.  For  these  reasons  those  coming  under  B.  i.  and 
B,  ii.  are  sometimes  classed  together  as  '  red-green-bliud.' 

We  have  seen  that,  according  to  the  Voung-Helmholta 
theory,  each  fimdamcntal  colour,  ia  addition  to  exciling  the 
special  fibres  corresponding  to  it,  excites  also,  but  in  a  less 
degree,  the  other  fibres;  it  is  evident,  therefore,  that  the  ab- 
sence of  one  set  of  fibres  must  alt#r  the  perception  not  only  of 
the  fmidamental  colour  which  most  powerfully  escitee  it,  but 
also  of  those  which  excite  it  in  a  less  degree.  This  will  be 
tnadc  clearer  by  a  reference  to  the  annexed  diagram  (fig.  58), 
which  is  a  reproduction  of  tig,  57  with  the  cur\'e  1  omitted,  and 


b         Will 


therefore  represents  the  colour-vision  of  the  red-blind.  The 
sensation  of  white  is  now  produced  by  the  excitation  of  two 
instead  of  MrM  sets  of  fibres.  Red  will  excite  the  fibres  for 
green,  and  very  slightly  indeed  those  for  violfet ;  therefore,  the 
st-nsatjoii  of  green  will  be  produced.  Since  the  amount  of  exci- 
tation of  each  set  of  fibres  is  comparatively  slight,  the  colour 
will  ap|>ear  to  Ive  lacking  in  brightness ;  but  as  the  stimulation 
is  contini^  almost  ent  irely  to  the  one  set  of  fibres,  there  will  be 
little  appearance  of  admixture  with  white:  therefore  the  red 
will  ftpp'yir  !u«  a  saturated  green  of  low  intensity. 
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Red,  orange,  yellow,  imd  green  will  obviously  jiioduce  very 
similRr  sensations,  but  the  green  will  be  the  moat  intense — i.e, 
the  brightest,  and  at  the  same  time  the  least  saturated — Uiat 
ia,  will  (.-ontain  the  greatest  amount  of  white.  A  red-blind 
person,  therefore,  would  diatinguish  red  and  green  only  by 
their  difference  in  brightness  ;  if  the  two  appeared  of  the  same 
intensity  to  the  normal  eye,  the  green  would  ai)pear  the 
brightest  to  the  red-blind;  and  if  given  several  shades  of  red 
and  green,  and  told  to  find  two — one  of  each  colour— which 
appeared  to  him  iilike,  he  would  match  a  dark  saturated  red 
with  a  bright  greeu.  It  is  evident,  however,  that  yellow  and 
blue  wouhl  give  rise  to  totally  different  sensations,  and  would 
therefore  not  be  confounded  bv  liiirj. 


(jluliii, 
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I  In  the  same  way,  for  the  green-blind  c 
(fig.  59). 
Red  will  be  a  saturated  colour  of  low  iut«nsity  ;  yi-llow  will 
be  alightly  more  intense,  and  whiter. 
Green  is  composed  of  nearly  equal  ]>art8  of  the  two  funda- 
mental sensations  which  in  the  green-blind  produce  white  by 
their  combination,  but  being  of  low  intensity  is  equivalent  to 
grey.  The  impression  produced  by  a  yellowish -green,  however 
(between  yellow  and  green),  would  not  be  easily  distinguished 
from  a  yellowish-red  (scarlet)  between  red  and  orange,  except 
that  the  latter  would  appear  brighter.  Hence  the  green-blind 
will  not  unfrequently  mat«h  a  scarlet  with  a  yellowish -green, 
which  to  the  normal  sight  is  much  brighter. 
Violet-blindness  is  fxfreniely  rare,  and  not  of  so  much 
prxcticAl  interest  as  the  )ireceding  varieties,  as  it  produces  no 
confusion  between  red  and  green,  which  are  the  colours  used 
in  signalling. 
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Hetbods  of  teating  ooloor-vuion. — The  practical  ira^xtrtaiK^e 
of  being  able  with  certjiinty  to  detect  defective  colour- vision 
lies  ill  the  fact  that  the  lives  of  many  may  be  sacriiiced  by  one 
man  mistaking  a  red  for  a  green  signal.  Hence  it  would  seem 
at  first  sight  that  the  beat  test  would  he  to  show  the  ejcaminee 
red  and  green  signalu  in  succession,  and  ask  him  to  name  the 
colour.  Such  a  test  would,  however,  be  inefficient  for  several 
reasons.  We  have  seen  that  the  red-  and  green-blind  do  not. 
confound  red  and  green,  but  only  certain  shades  of  these 
coIoiu-b;  given  a  red  and  green,  which  to  the  normal  eye  appear 
of  equal  brightness,  the  red  will  appear  the  brighter  to  the 
green-blind,  and  the  green  to  the  red-blind.  Seeing  the  two 
lights  in  quick  succession,  a  man  who  is  red-  or  green-blind 
may  recognise  the  diflference  between  them,  and  name  them 
correctly  ;  possibly  he  is  unaware  of  his  defect,  and  b<"!ieve8  that 
he  recognises  the  true  difference  between  them.  But  this  is  not 
sufficient ;  he  may  in  clear  weather,  and  at  a  known  distance, 
recognife  a  signal  correctly;  but  if  that  which  is  to  him  the 
brighter  light  is  obscured  by  steam  or  mist,  how  is  he  then,  with 
no  standard  of  com{>arison,  to  recognise  it  ?  At  sea,  too,  a  fresh 
difficulty  is  interposed  by  the  fact  that  the  distance  of  the  light 
is  unknown.  The  use  of  coloured  lanterns,  or  a  lamp  with 
coloured  glasses  itud  diaphragms,  so  that  signal  lamps  at  different 
distances  can  be  represented,  is  interesting  as  a  confirmation  uf 
other  tests,  but  is  utterly  unreliable  as  a  tirst  test. 

A  good  test  should  be  quite  independent  of  the  natnfS  of 
the  colours — many  unedticated  persons  are  wonderfully  igno- 
rant of  col  our- nomenclature,  and  yet  have  perfect  colour-vision 
— and  it  should  be  auflSciently  rapid  to  enable  a  large  number 
of  persons  to  be  examined  in  a  short  space  of  time.  It  is,  of 
47our8e,  essential  that  it  should  be  a  real  test,  i.e.  that  it  should 
allow  no  one  with  defective  colour- vis  ion  to  paxs,  or  condemn 
any  with  normal  colour-sense. 

HolmSTBv's  wools  conKtitnt4*  .1  test  which  fulfils  these  re- 
quirements better  than  any  other.  This  method  consists  in 
making  the  observer  i»ick  out  from  a  heap  of  wools  those  which 
seem  to  him  to  be  the  same  colour  as  one  given  to  him.  Skeins 
of  wool  have  been  chosen  as  the  test  objects,  for  the  following 
s  amongst  other*.     The  colours  are  piu-er,  and  the  sur- 
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face  reflects  less  white  light  than  pieces  of  paper,  glass, or  othi 
stiff  material.  They  can  be  obtained  in  any  variety  of  coloi 
and  are  uniformly  coloured  throughout. 

The  tests  are  three  in  number :  the  first  will  detect  all  thi 
who  have  any  defect  of  colour-vision,  the  otliers  will  det«rmu 
the  nature  of  the  defect. 

The  woola  must  be  placed  on  a  flat  surface,  on  a  white  olt 
in  good  daylight. 

Test  I. — In  the  first  test  a  skein  is  taken  as  the  colour) 
which  ia  a  pure  green  rather  freely  mixed  witli  white ;  it  ia* 
represented  very  accurately  in  the  colour-plate  on  the  opposita* 
page.' 

The  heap  of  wools  should  consist  of :  ( t )  A  ™riety  of  shades 
of  green  of  the  same  character  as  the  test  colour ;  other  greeoB 
also  may  be  added,  such  as  blue-green,  but  they  make  the  test 
longer,  and  do  not  add  to  its  efficiency.  (2)  Various  shades  of 
the  confusion  colours  (1-5,  in  the  opposite  plate),  consisting  of 
KTcys,  drabs,  yellows,  rose,  and  salmon  colours,  all  fi-eely  diluted 
with  white. 

The  test  colour  is  shown  to  the  examinee,  and  he  is  told  to 
look  at  the  heap  and  to  pick  out  from  it  those  skeins  which 
appear  to  him  to  be  the  same  colour  as  it,  it  being  ezplaint 
that  they  may  be  of  lighter  or  darker  shades. 

With  people  of  low  intelligence,  and  with  children,  it  is 
good  plan  for  the  examiner  to  go  through  the  test  himself 
iihow  how  simple  a  matter  it  is;  if  the  number  of  wools 
sufficient,  and  they  are  properly  mixed  afterwards,  this  givosii 
no  unfoir  assistance  to  those  whose  colour-vision  is  defective. 

The  directions  may  be  given  to  a  large  number — as  many 
as  can  conveniently  see — at  the  same  time,  and  then  each  one 
is  told  to  step  forward  in  turn  and  go  through  the  test.  Those 
with  normal  colour-sense,  as  a  rule,  pick  out  the  correct  wools 
quickly  and  without  hesitation ;  those  who  Imvc  any  defect 
choose  their  wools  in  a  slow,  hesitating  manner,  and  with  them 

'  GreBt  pwQ>  hnvc  bt*n  takt-n  by  SiMsrc,  I^bon  ami  Co.  to  reproitDoo  tbe 
coloun  of  the  wooli  in  tlie  pUle,  but  U  ia  diffioult  or  impouibto  to  do  ao 
occarstely.  As,  however,  sevGnd  Hhadea  of  eacli  oolour  bnvn  to  be  wed,  tbe 
-e  of  little  coDBeqaence.     The  pinte  ii  only  intended  to  reprMent  th* 
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select  one  or  more  of  the  confusion  colours,  andmiss  gome  of  the 
greens.  Any  who  choose  a  confiision  colour,  or  show?  a  genuine 
doubt  as  to  whether  they  should  choose  one — even  though  they 
reject  it — ehouM  be  subjected  to  the  second  test.  Those  who 
[lick  out  all  the  coiTect  wools  and  no  confusion  colours  may  be 
considered  to  possess  normal  colour-sense.  After  a  little  ex- 
perience one  learns  to  recognise  those  who  suspect  their  own 
deficiency,  by  their  general  behaviour;  they  generally  hang 
back,  and  watch  the  performance  of  others  with  great  care, 
when  their  turn  comes  they  are  most  laboriously  careful,  takiug 
up  each  skein  and  hwking  at  it  minutely.  The  inexperienceil 
examiner  may,  however,  if  he  trusts  to  general  behaviour,  occa- 
siuually  mistake  nervousness  or  stupidity  for  defective  colour- 
sense;  the  difficulties  arising  from  the  fonner  can  always  be 
overcome  by  tact  imd  patience. 

The  object  of  Test  I.  is  to  separate  those  whose  coloiu'-\i8ion 
is  normal  from  those  in  whom  it  is  defective ;  the  natiu%  of  the 
defect  is  determined  by  the  following  test. 

Te«t  n. — A  rather  pale  but  bright  shade  of  purple  (rose)  is 

Uiken  as  the  test  (ri.  (a)  represents  it  fairly  well,  but  is  a  little 

too  dull).     The  heap  of  wools  consists  of  (I)  various  shades  of 

puqile,  (2)  various  shades  of  the  wn/u^ion  colottre  (6~9) — 

violets,  greys,  and  greens. 

V     Purple,  being  coropfjsed  of  red  and  violet  or  blue,  is  to  the 
i-blind  identical  with  the  two  latter  colours.     For  the  green- 
iod  a  coinhi nation  of  red  and  violet  produces  white  or  grey, 
Dd  green  (I'idf  <j,  fig.  59)  produces  a  similar  effect,  but  less 
intense. 

llierefore— 
^^H  The  rfil-blind  chooses  blile  und  violet  (6  and  7): 

^^H  The  greeiir-blind  chooses  ffrey  and  bright  rfreen  (8  mid  9). 
^^^P  He  who,  having  biled  in  Test  I.,  chooses  only  purples,  has 
^^^S  weak  chromatic  sense — i.e.  lie  ni.iy  have  any  of  the  defet^ts 
enumerated  under  C  and  D  on  p.  2:17.  There  is  no  practical 
advantage  in  endeavouring  to  distinguish  between  tJiese.  The 
^^nnatiiination  may  close  here,  but  the  following  may  be  used  to 
^^^bufirm  the  result  in  those  who  have  failed  in  the  preceding  tests. 
^^B  TMt  m. — A  bright  red,  such  as  is  employed  in  aignal  flags 
^^^BL  h),  is  used  as  the  test  skein.     The  confusion  colour*  are 
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dark   and  light,  shades  of  green   and   brown  (10-13),  which  I 
eliuuld  be  rather  darker  thitn  10,  or  olive  colour. 

The  red-blind  chooses  a  green  and  a  dark  brown  (10  and  11)»  J 
Ihe  latter  being  a  combination  of  greenish -yellow  with  black. 

The  green-blind  ch(X)8e 8  a  green,  brighter  to  the  normal  eyo  I 
than  the  red,  or  lighter  brown  (12  and  13). 

A  convenient  arrangement  of  Holmgren's  wools  has  beeo  I 
adopted  by  Dr.  Thomas,  of  Philadelphia,  and  is  shown  in  the  1 
annexed  wood-cut  (fig.  60).  The  skeins,  instead  of  being^  I 
thrown  promiscuously  on  the  table,  are  hung  by  one  extremity  ] 
from  a  bar,  and  to  each  akein  is  attached  a  number,  which  is, 
however,  concealed  from  view  while  the  instrument  is  ia  use. 


Vi'i.  (jO.— r>r,  Tbomaa's  Arningement  of  Holni^i'ii's  Wool*. 


The  skeins,  of  which  there  are  forty,  are  numbered  in  the  | 
following  manner:  The  test  colours  are  Noe.   1,  21,  and  St. 
Noa.  1  to  20  consist  alternately  of  colours  matching  the  test 
colour  and  the  confusion  coloiits.     In  the  same  way  with  No*. 
21  to  30  in  the  second  test,  and  with  Nos.  31  to  40  in  the  third 
test.     The  wools  should  be  arranged  in  an  irregular  order  on  j 
the  bar  (not  as  they  are  shown  in  the  figure),  and  the  numbers  ] 
of  the  skeins  which  the  examinee  chooses  in  each    test   ara  j 
noted  1  if  his  colour-vision  is  normal  thea^  wiW  of  course  consist  j 
only  of  odd  number^. 

The  frequency  of  oolour-blindneu.— It  has  becu  ascertained   ^ 
by  the  examination  of  lai^c  numbers  of  people,  chiefly  by  t\in- 
tinental  and  American  observers,  that  the  number  of  colour- 
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blimf  persons  is  on  an  average  a  little  over  4  per  cent,  of  the 
male  population.  In  consequeace  of  tliis  discovery  the  Govem- 
uents  of  various  countries  have  been  urged  to  make  com- 
pulsory the  testing  of  the  colour-vision  of  railway  employees 
and  seiimen  ;  and  in  this  respect  Professor  Holmgren,  in  Sweden, 
and  Dr.  Joy  Jeffries,  in  America,  have  been  especially  active- 
It  was  felt  that  it  was  extremely  important  to  ascertain 
whether  the  frequency  of  colour-blindness  was  as  great  in  this 
country ;  and  the  Oplithalmological  Society  of  Great.  Britain  ac- 
cordingly, in  1880,  appointed  a  committee,  of  which  the  writer 
was  a  member,  to  investigate  the  subject.  The  following  are 
some  of  the  results.' 

The  total  number  examined  was  18,088  ;  of  these.  16,4»1 
were  males  and  1,667  were  females. 

Of  the  males,  1,785  were  taken  from  classes  which  it  was 

susjiected  might  contain  an  exceptionally  high  j>ercentage  of 

colour-hlind^these  were  imbeciles,  deaf  mutes,  meiiitiers  of  the 

Society  of  Friends,  and  Jews — all,  except  the  first,  gave  a  jier- 

tntage  above  I  he  average. 

Deducting  these,  there  remain  14,846  males,  and  of  these 

H6  per  cent,  had  defe<-tive  colour- vis! on,  in  3*5  per  cent,  the 

lefect  l)eing  of  the  pronounced  character  classified  under  B  on 

I.  236.    Comparing  different  classes  of  society  together,  colour- 

Idindness  would  seem   to  diminish  in  jiroportion  as  education 

Uproves.     Thus,  among  the  schools  of  the  poorer  classes  in 

•Dublin  *  the  iiverage  of  pronounced  cases  was  4-2  per  cent. 

lAtnong  the   (lx>ndon)  metropolitan  j>olice  and  schools  of  the 

tnie  rank,  it  was  3*7  per  cent,     fn  middle-class  schools  it  was 

1*5  i)er  cent.     Among  medical  students  and  the  sons  of  medical 

,  it  was  2'.'>  per  cent.    Among  the  boys  at  Eton  it  was  only 

^46  per  cent. 

Although,  however,  the  frequency  of  the  defect  diminishes 
rith  the  education  of  the  cIbmj,  the  edncation  of  the  individual 
B  no  tendenry  to  remove  the  defect ;  this  issfaown  by  thefiict 

'  Tbn  rDpoTt  of  tbc  cummillM)  U  pablislicd  In  Uie   Traniacti^iiM  y  ttm 

I        ■  ThcM  orr  not  lndi)il«<]  <n  lli«  fjaxtA  toial,  whtuh  U  for  KnjcLind  onl;. 
rBw  rMnlU  war«  obtalnM  bj  Mr.  RwHtuj  from  an  aiuniiiutlan  of  3.aGS  hmIf 
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that  there  was  no  appreciable  (lifferein;e  between  the  childn 
and  adultR  in  the  sanie  class,  and  k  emisistent  with  the  histoiyj 
of  iudividaals  who  have  known  themselves  to  be  colour-blind. 
Thus,  Dalton  discovered  his  defect  in  early  life,  and  always  took 
great  interest  in  comparing  his  ideas  of  colours  with  those  of 
other  people ;  yet  he  remained  colour-blind  to  the  same  extent 
throughout  his  life;  and  the  same  has  been  recorded  of  othen*^ 
Tndfpd,  there  ia  no  case  on  record  in  which  a  person  proved  t 
have  had  congenital  colour-blindness  has  succeeded  in  removi 
the  defect. 

There  can  be  little  doubt  that  pmetice  in  distinguishing' 
Ijetween  colours,  continued  through  several  generations,  would 
have  a  tendency  to  produce  higher  development  of  the  per- 
cipient elemente,  while  want  of  pmctiie  continued  in  the  sstiifl 
way  would  lead  to  their  degeneration.  In  this  way  may  pro- 
bably be  explained  the  great  rarity  of  colour-blindness  among 
women  (only  0*4  per  cent,  of  the  number  examined,  and  thoMi 
for  the  most  part  slight  cases),  and  its  comparative  frequency 
among  the  Society  of  Friends  (5"9  per  cent,  of  males  and  5*5  off 
females). 

The  defect  having  once  appejyed,  would  have  a  tendency 
to  be  handed  down  to  posterity,  especially  if  intermaniage 
took  place  within  a  class  in  which  colour-blindness  was  espe- 
cially frequent.  In  connection  with  this  it  is  interesting  to 
note,  that  the  daughters  of  a  colour-blind  parent,  although 
not  eihibiting  the  defect  themselves,  may  yet  transmit  it  to 
their  children.  Thus,  in  an  instance  which  came  under  the 
writer's  own  observation  :  a  colour-blind  jwirent  had  seven  sons, 
all  of  whom  were  colour-blind  except  the  youngest,  and  three 
daughters,  none  of  whom  were  colour-blind,  but  the  son  of  ths'j 
only  daughter  who  married  was  colour-blind. 

In  oi-der  to  demonstrate  the  importance  of  excluding  colooi 
blind  persons  fi-om  any  employment  in  which  the  recognition  o 
signal  lights  is  called  for,  Mr.  Nettleslup  has  constructed  a 
lantern  by  means  of  which  two  lights  similar  to  signal  lights 
could  be  seen,  either  separately  or  side  by  side.  In  experimeataa 
which  he  made  in  conjunction  with  Dr.  Brailey  on  colour-bl 
[tersons,  the  following  conclusions  were  arrived  at.' 

'  Appendix  t'.  to  Keporton  Colour- Blintlness,  he.  dt.  p.  200, 
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1 .  When  red  and  green  are  shown  together,  they  are  often 
correctly  distinguished  if  well  within  the  maximum  distance. 

2.  If  white  and  red,  or  white  and  green,  are  shown,  they  are 
always  seen  to  be  diflFerent,  but  are  often  wrongly  named. 

3.  By  using  various  shades  of  smoked  glass  it  is  possible  to 
make  the  white  light  undistinguishable  from  either  red  or 
green  to  the  colour-blind. 

4.  When  only  one  light  is  shown,  whether  white,  red,  or 
green,  it  is  often,  but  by  no  means  always,  wrongly  named. 


CHAPTER   XI. 
on  THE  CRYSTALLINE  LliXS. 


ABATOMY—ViBIBTlKS  OF  CATARACT— BTlOLOQV—BlTMPTOMB—TRKATmSIfT 
— KEBDLB  OPK  RATION— LIS  BAR  KXTBACTION— SUCTION— ?l,AP  OPKBA- 
TION— ORAEPE'S  LINBAB  AMD  At,UBt>  OPBBATtOMS— BXTBACTIOK  IN 
CAPBCTLE— APTEB-TKBATUBKT— OOMPLICATIOHB — DIBLOCATIOX  OF  THK 
LENS. 

The  ciystalline  Una  is  a  tranaparent,  biconvex,  BoUd  body, 
inclosed  iu  a  tiansparent  elastic  membratie — the  lens  cap- 
sule. In  front  of  the  lens  is  the  iris.  When  the  pupil  is 
contracted  the  iris  rests  on  the  anterior  surface  of  the  lens,  and 
is  pushed  somewhat  forwards  by  it ;  when  the  pupil  is  fully 
dilated,  no  part  of  the  lens  is  in  contact  with  the  iris  ;  while  ia 
intermediate  conditions  a  corresponding  extent  of  the  surface 
of  the  iris  is  in  contact  with  the  lens.  Behind,  the  lens  rests 
entirely  against  the  vitreous  humour. 

When  the  accommodation  is  relaxed,  the  convexity  of  the 
lens  is  greatest  posteriorly  ;  during  the  act  of  accommodation, 
the  convexity  of  the  anterior  surface  is  greatly  increased,  and 
that  of  the  posterior  very  slightly,  if  at  all,  so  that  the  curvature 
of  tie  two  sur&ces  is  then  very  nearly  equal. 

The  measurements  of  the  lens  in  adult  life  are  from  8  to 
9  mm.  across,  and  4  to  5  mm.  fivm  before  backwards. 

By  a  series  of  admirably  conducted  experiments  made  upon 
lenses  in  each  decade  of  adult  life,  Priestley  Smith  '  has  found 
that  the  average  weight  of  the  lens  continually  increases,  the 
increase  beiug  at  the  rate  of  about  1  '5  milligrammes  each  year ; 
also  that  the  volume  of  the  lens  increases  continually,  at  the 
rate  of  about  1  -5  cubic  mm.  oach  year. 

Hiatology. — The  oapsnle  i»  thickest  in  front,  and  diminishes 
'  ZVaiu.  QpWi.  See.  vol.  ilL 
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towards  the  posterior  |»ole.  The  part  which  covers  the  front  of 
the  lens  (anterior  oipsule)  is  lined  with  a  siogle  layer  of  hexa- 
gonal, transjiarent,  granular-looking,  epithelial  cells,  each  having 
an  oval  or  a  spherical  nucleus.  This  layer  of  cells  is  of  great 
phy Biological  importance  ;  from  it  the  lens  fibres  are  probably  de- 
rived. It  governs  the  nutrition  of  the  lens  by  promoting  proper 
osmosis  between  the  lens  tissue  and  the  lymph  in  the  anterior 
chamber  (Leber).  In  this  nutritive  function  it  is  probably 
greatly  assisted  by  the  ciliary  jirocesses,  which  are  in  close  contact 
with  the  suspensory  ligament  just  before  it  reaches  the  capsule. 

The  part  which  is  beliiod  the  lens  (posterior  capsule)  lias  no 
epithelial  lining  of  this  kind  ;  it  is  in  close  contact  with  the  lens- 
substance  in  front  and  with  the  vitreous  humour  posteriorly. 

The  anbitance  of  the  lent  is  made  up  of  lens  fibres  and  inter- 
stitial subslance.  The  fibres  are  band-like  Htructures,  each 
containing  an  oval  nucleus  ;  they  extend  between  the  anterior 
and  posterior  Kiirfaces  of  the  lenx,  and  are  arranged  in  con- 
centric lamellie  juirallel  to  the  surfjice.  Each  lamella  consists 
of  a  single  layer  of  lenn  fibres  joined  at  their  broad  eiu^faces. 
Their  extremities  are  slightly  enlarged.  At  the  two  surfaces  of 
the  lens  these  extremities  are  unittHl  together  by  three  ray-like 
structures,  which  in  the  early  stage  of  cataract  can  often  be 
seen  by  focal  illumination,  in  the  form  of  white  lines  diverging 
from  tho  poles  to  the  circumference  at  equal  angles.  In  the 
natural  state  these  sutures  contain  a  semi-fluid,  homogeneous, 
int<^rstitial  cement  subslance.  A  similar  substance  is  contained 
between  the  lamellie,  and,  in  smaller  quantity,  between  the 
fibres  of  each  lamella  (KIrinJ.  In  this  cement  substance  there 
exist  certain  channels,  from  which  fine  canals  extend  lietweeu 
the  fibres  of  the  lamella.  ITiese  probably  have  an  important 
bearing  nn  the  changes  in  the  slia[>e  of  the  lens  during  accom- 
inodntion,  and  in  the  nutrition  of  the  organ  (Otto  Becker).  The 
central  {wrtton  of  the  lens  is  of  firmer  consistence  than  that  of 
the  periphery,  hence  the  central  portion  of  the  lens  is  called 
thf  nuchii«  and  the  peripheral  (wrtion  (A«  cortcj:.  This  dis- 
tinction is,  however,  entirely  arbitrary,  the^e  being  no  distinct 
line  of  demurcation  iHrlwcen  the  two  jwrtions.  In  young  sub- 
jc<;t«  the  lens  substance  is  soft  and  easily  broken  down  ;  with 
Jige  it  becomes  gruduall;  firmer,  iind  its  form  leas  convex. 
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The  iiupenMry  ligament  of  the  crystalluie  lent 
Zinn)  is  a  fibrillai.eti  elastic  membrane,  extendiag  from  the 
region  of  the  ora  sernita  of  the  retina  to  the  equator  of  the 
crjatalline  lena.  It  was  formerly  considerci  to  be  formed  by 
the  anterior  division  of  a  hyaloid  membrane  which  inclosed  the 
vitreouB  humour ;  the  researches  of  InranofT,'  however,  have 
shown  that  this  merabrane  is  identical  with  the  niembrana 
limitAns  of  the  retina,  and  that  the  suspensory  ligament  is 
formed  from  three  chief  sources :  ( 1 )  from  the  continuation  of 
the  membrana  limitans  int<?ma  of  the  retina;  (2)  from  fine 
fibrils  derived  from  jusl  below  the  surface  of  the  vitreous  in 
the  region  of  the  ora  serrata ;  (3)  from  flue  filaments  arising 
from  the  rod-like  cells  of  the  pars  ciliaris  retiuK.  The  mem- 
brane thus  formed  follows  the  sinuosities  of  the  ciliary  pro- 
cesses, and  is  continued  forwards  to  the  anterior  part  of  the 
equator  of  the  capsule  of  the  lens,  to  which  it  is  firmly  attached 
in  a  tortuous  line.  Before  it  reaches  the  equator  of  the  lena 
the  suspensory  ligament  is  8ei>arated  from  the  vitreous  by  a 
apace— the  canal  of  Petit — which  is  proliably  occupied  by  lymph 
during  life.  The  relation  of  the  suspensory  ligament  to  the 
surrounding  structures  is  of  great  practical  im|iortance,  more 
esjiecially  with  regard  to  accommodation  to  the  extraction 
of  cataract,  and  to  dislocation  of  the  lens.  The  fuuction  of 
the  suspensory  ligament  is  probably  that  of  maintaining  the 
lens  m  »UUf  and  of  controlling  its  accommodative  changes. 
It  offers  no  obstacle  to  the  interchange  of  fluids  between  the 
aqueous  and  vitreous  chambers. 

Cataract  is  an  opaque  condition  of  the  crystalline  lens,  which 
i;;  due  to  structural  changes  of  its  comjionent  fibres.  The 
ojiacity  varies  so  much  in  the  portion  of  the  lens  which  is  first 
affected,  in  its  rate  of  progress,  in  the  time  of  life  at  which  it 
occurs,  in  its  colour  and  consistency,  and  in  its  causes,  that  it 
is  difllcult  to  construct  a  good  classification.  The  followiop 
an'angement  of  the  different  forms  of  cataract  may  be  found 
useful : 

1.  NvcUar;  2.  Cortical;  3.  LamrlUir  %  4.  Pirrttmidalt 
.).  Posterior  polar ;  6,  Omeral  or  mixed. 

1.  Nudear  or  central  caiaract. — In  this  form  the  opucifcj 
'  Striokcr's  Handheeli  ijf  Ilift»Iiigj/, 
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commences  in  the  central  ijortion  of  the  lens,  and  gradually 
shaden  off  towards  the  periphery  (see  figs.  9  and  10,  opjioaita 
p.  250).  Its  rate  of  increase  varies  considerably,  the  whole 
lens  in  some  esses  becoming  opaque  in  the  course  of  ii  few 
months,  whilst  in  othera  the  cortex  may  remain  dear  for  years. 
Its  colour  is  usually  that  of  amber ;  sometimes  it  is  almost 
white,  or  brown,  iiud  occasionally  quite  black.  It  mostly  occurs 
after  the  age  of  fifty — very  frequently  from  fifty  to  fifty-five. 
It  may,  however,  come  on  at  any  age,  or  be  present  at  birth. 

2.  Cwticnl  cataract  commences  on  both  surfaces  of  the 
lens  in  the  form  of  pyramidal  streaks,  having  their  bases  at  the 
(^uator  of  the  lens,  and  their  apices  directed  towards  its  antero- 
posterior axis  (see  figs.  7  and  8,  opponilc  p.  250);  these  are 
naualty  irregular  in  length  and  breadth.  They  are  at  finrt. 
quite  covered  hy  ihe  iris,  and  can  then  only  be  seen  hy  dilating 
the  pupil.  After  a  time,  however,  they  encroach  upon  the 
centrai  portion  of  the  lens,  and  can  be  seen  vilhin  the  normal 
pupillary  area.  These  streaks  finally  become  united  into  a  mass 
of  cortical  opacity  ;  the  central  portion  also  becomes  opaque, 
and  the  whole  lens  is  thus  rendered  cataraetous.  This  form 
of  opacity  is  of  frequent  occurrence  in  old  people,  and  is  but 
rarely  seeu  before  the  age  of  fifty.  When  progressive,  as  it 
uaimUy  is,  cortical  cataract  shows  great  variation  in  its  rate  of 
increase. 

'A.  Lamellar  oatsraot  (/onuliir). — In  this  form  both  the 
central  and  the  ijeriplieral  portions  are  unaffected,  hut  a  shell- 
like  layer  of  opacity  exists  between  the  centre  and  the  surtace  of 
the  lens  (see  figs.  5  and  6,  opposite  p.  250).  The  exact  posi- 
tion of  this  lamina  is  vurlable,  but  it  is  usually  between  the 
inner  and  outer  fourths  of  the  substance  of  the  lens.  It  is 
generally  very  thin  and  delicivte  in  structure,  and  hua  a  faint 
hhmh-whitesemi-trans{iarentap{)eamnce  ;  itsnirCice  is  smooth, 
or  only  slightly  granula^  and  if  this  condition  continues  it 
appears  to  remain  staliTuary ;  occasionally,  however,  there 
appejirdots  of  denser  opacity  upon  its  surface,  which  increase 
at  the  expense  of  the  peripheral  jMrtion  of  the  lens,  and  may 
ufl«n  be  seen  as  delicate  radial  projections  directed  towards  the 
nirCiice.  As  a  rule,  lamellar  catanict  remains  stutionary;  occa- 
sionally, however,  it  gradually  extends,  and  involves  the  whole 


250 


DESCRIPTION  OF  PLATE. 


Fio.  l.»— Partial  Dislocation  of  Lens  (backwards  and  ontwaids). 
„    2.— Dislocation  of  Lens  (forwards). 
„    3. — Pyramidal  Cataract. 
„    4. — Pyramidal  Cataract. 
„    5.  —Lamellar  Cataract. 
„    6. — Lamellar  Cataract. 
„     7. — Cortical  Cataract. 
„    8. — Cortical  Cataract. 
„    9. — Nuclear  Cataract. 
„  10. — Nuclear  Cataract. 
„  11.—  Posterior  Polar  Cataract. 
„  12.  -  Posterior  Polar  Cataract. 


*  N.B. — The  figures  in  which  the  pupil  is  red  represent  the  eye  as  socn  by 
using  the  ophthalmoscope  mirror,  others  as  seen  by  the  oblique  focal  illumi- 
nation.  > 
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lenB.  This  form  of  cataract  generally  comes  on  a  few  months  after 
birth  ;  but  as  the  opacity  is  not  usually  BufBctently  dense  to  be 
conspicuoiis,  the  condition  is  often  not  discerned  until  the  child 
learns  to  read.' 

4.  PyTamidal  cataract  consists  in  a  dense,  chalky-white, 
circular  patch  of  opacity  at  the  anterior  pole  of  the  lens,  on  and 
immediately  beneath  its  capsule  (see  figs.  3  and  4,  op[)Osite 
p.  250) ;  it  is  usually  about  1  or  2  mm.  in  diameter,  and  when 
viewed  from  the  side,  it  is-  seen  to  stand  out  in  front  of  the  lens 
in  a  pyramidal  form.  The  opacity  only  extendx  for  a  short 
distance  into  the  lens  substance ;  that  portion  of  the  capsule 
which  is  in  frcmt  of  the  cataract  is  oflen  somewhat  puckered, 
and  may  contain  deposits  of  organised  lymph  upon  its  anterior 
surface. 

This  L-onditJon  is  sometimes  congenitjil ;  more  often,  how- 
ever, it  is  the  result  of  an  attack  of  ophthalmia  neonatorum, 
which  has  caused  a  central  perforating  ulcer  of  the  cornea;  on 
the  escape  of  the  itqueoas  humour,  the  lens  has  been  pressed 
forwards  against  the  cornea,  the  perforation  becoming  closed 
by  lymph  ;  the  aqueous  lias  then  re-collected,  and  the  lens, 
being  thus  pressed  back  to  its  normal  position,  has  carried  with 
it  a  little  mass  of  lymph.  In  such  cases,  a  central  opacity  of 
the  cornea  can  usually  be  seen  by  focal  illumination ;  occasion- 
ally, however,  cases  are  met  with  in  which  there  are  a  faint 
central  nebula  of  the  cornea  and  pyramidal  cataract  without 
any  history  of  purulent  conjunctivitis.  Pyramidal  cataract  ifl 
always  stationary. 

>  8JD0O  th«  growth  nf  the  lens  takei  place  bj  meani  ot  new  nulerial 
tunnol  on  ils  Hurtuw.  the occnnence  ot  k  lajcr  of  clondy  lena  mbsUuice  M  > 
oertiiia  depth  miDld  iweni  lo  indicate  tbat,  at  Kiine  period  iluriog  ita  gnwih, 
there  had  li^o  un  tnteTterence  irlth  the  g«Deral  health,  which  had  led  to  the 
<lepOBit  dming  that  [lerioil  of  Imperfect  lens  materiaL  Thia  is  supported  bj 
tha  tact  that  in  rJiitdrcn  with  lamelliu'  oatvacl  a  hiatcry  of  convoliiiui*  in 
iutano;  mn  gencnlljr  he  ubtainnl,  while  there  ia  nsuallj'  a  [>eculiai  appear- 
snee  of  the  pemianenl  teeth,  con>Ului|;  in  a  detect  in  the  enamel  which 
rmdm  tlietn  of  a  bad  colour ;  thej-  }{enentlly  present  a  oonttriction  a  little 
helnw  the  niminJt  ot  the  teeth,  and  the  snrfaoe  hu  n  oomgated  appeMnuce. 
Thnx!  uhanges  are  general  ly  moat  niarkeil  in  tlie  notan.  It  will  ori«a  b* 
fotinil  that  DiRticurial  powder*  have  been  adminlileied  tor  the  couTaUiona.  aad 
It  la  thought  b;  aome  that  tlie  condition  of  the  tcetb,  and  peambly  alw  that  (rf 
the  IcDe,  ia  due  to  thia  clrcnnutonoe. 
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5.  Posterior  polar  cataract  is  the  term  applied  to  any 
opatity  situated  on  the  posterior  pole  of  the  lens  or  its  capsule. 
The  opacity  is  usually  Bmall,  round,  and  white  ;  it  uot   uufre- 
quently  baa   minute   streaks  radiating   from   it.     Sometimes, 
although  appearing  to  be  on  the   posterior  capsule,  it  is  in 
reality  in  the  fore  part  of  the  vitreous  (see  figs.  1 1   and   12, 
opposite  p.  230).     Posterior  polar  cataract  may  be  congenital 
or  acquired.     The  congenital  form  is  probably  in  some   way 
connected  with  imperfect  absorption  of  the  foetal  hyaloid  artery; 
and  cases  have  been  recorded  in  which  a  minute  thread,  ctHrre-  j 
spending  in  position  and  size  to  that  structure, has  been  visible^ 
passing  back  from  the  opacity  towards   the  optic  disc.     Thai 
acquired  form  ia  generally  progressive,  and  is  nearly  always 
secondary  to  disease  of  the  vitreous  or  choroid, 

6.  General  or  mixed  cataracts  include  all  those  in  which 
the  opacity  occurs  both  in  the  cortex  and  nucleus,  whether 
these  are  completely  opaque  or  merely  dotted  throughout  with 
spots  or  striue  of  opacity.  Such  cataracts  are  met  with  in  end- 
less variety,  and  no  useful  purixise  would  be  served  by  a  moroj 
detailed  classiRcatiou  of  them.  ^ 

Many  of  the  congenital  cataittcts  would  come  under  tbfn 
heading.  These  may  occur  in  one  or  both  eyes.  Usually  the 
whole  lens  is  opaque;  but  exceptional  forms  occur,  such  as  the 
anterior  and  posterior  pc)lar,  and  cataracts  in  which  the  opacity 
is  distributed  irregularly.  Not  unfrequently,  in  congenital '1 
cataracts  the  pupil  acts  very  imperfectly  to  atropine^  and  t 
eye  is  often  defective  in  other  respects,  so  that,  even  after  I 
successful  operation,  the  vision  is  not  good. 

Cataracts  are  generally  classed  as  being  either  hard  (semleB 
or  soft ;  and  although  all  intermediate  degrees  of  consisteno] 
are  met  with,  the  distinction  has  a  practical  importance,  as  tbi 
two  classes  are  amenable  to  different  modes  of  treatment.     TIm 
soft,  if  broken  up,  are  readily  dissolved  by  Ihe  aqueous,  and  c 
be  absorbed  with  that  fluid,  while  it  is  impossible  to  exU 
the  lenw  from  its  capuule  eii  maetie.    The  hard  cataractd,  on  t 
contrary,  when  broken  up  imbibe   the   a<]ueou3  hum 
undergo  much  swelling,  but  show  little  tendency  to  becomeJ 
absorbed ;  on  the  other  hand,  when  they  have  reached  a  certaiul 
stage  of  maturity,  they  can  be  shelled  out  entire  from  i 
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c.ipsuk'.  One  may  say  that,  as  a  rule  (to  which  there  are 
many  exceptions),  cataract*  which  occur  before  the  age  of 
thirty  or  thirty-five  are  sofi,  and  those  occurring  after  that  age 
are  hard, 

A  hanl  catarat-t  which  has  reached  its  full  development 
may  undergo  jjathological  softening;  this  usually  begins  in  the 
cortical  jwrtion  of  the  lens,  which  becomes  more  or  less  milky 
in  appearance.  .Sometimes  the  fluidity  of  the  cortical  structure 
is  such  that  the  harder  central  portion  (nucleus)  floats  about ; 
thiK  i-onstitutes  what  is  known  as  the  cataract  of  Morgtigni, 

The  causes  of  cniaract  are  still  very  obscure.  The  opacity 
appears  to  be  due  to  atrophic  degenei'ation  of  the  lens  fibres. 
This  is  probably  the  result  of  defective  nutrition,  although  it  is 
frequently  developed  without  any  perceptible  local  or  general 
cause. 

1.  Senility. — In  many  cases  the  disease  appears  to  be  due 
to  the  decline  of  vitality  in  the  tissues  of  the  body,  either  from 
age.  anxiety,  or  dissipated  habits. 

2.  DiabetfB. — A  large  proportion  (about  6  i>er  cent.)  of  dia- 
betic latients  suffer  from  catjiract.  This  is  usually  of  the  soft 
variety,  and  matures  slowly.  It  is  well  to  bear  in  mind  that 
other  ocular  affections  are  common  in  this  disease,  such  as 
patttiui  of  accomvwdation,  antblyopia,  heniiopia,  relinitis, 
and  optic  m-rvf,  atrophy.  Nevertheless,  diabetic  cataracts  may 
be  o)Mrmted  ujnn  successfully ;  in  fact,  many  surgeons  are  of 
oi)inion  that  the  eye  recovers  from  the  effect  of  the  operation 
as  readily  as  in  health. 

3.  Krgotiam  has  been  ob»?rved  to  produce  cataract ;  it  is 
supposed  to  act  by  causing  s]Msmodic  contraction  of  the  vesaeU 
of  the  ciliary  body. 

4.  Looil  di«eaaf»  of  the  iris,  choroid,  or  ciliary  body,  aa 
in  the  secondary  cataract  of  glaucoma,  and  of  sympathetio 
diwaae. 

5.  Injury. — This  may  consist  io  a  blow  upon  the  globe,  by 
which  the  capsule  is  ruptured,  or  Oii-  lens  is  entirely  or  partially 
dislocated ;  it  may  be  wounded  by  a  ehar]i  instrument,  or 
a  foreign  body  may  have  entereil  or  |>assed  through  it.  Oi»acity 
may  follow  a  [XTforation  caused  by  an  ulcer  of  the  comcit,  aa, 
for  example,  the  pyramidal  cataract. 
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6.  Gonwileions. — The  poseibility  of  convulsions  being  tt 
cause  of  lamellar  c&taiact  has  already  been  referred  to  (p.  25 1 ). 

7.  Inherited  ayphUia  is  considered  to  be  an  occasional  cause 
of  congenital  cataract  (Hutchinson). 

The  eymjitoms  and  diag^jioais  of  cataract. 

I.  Gradual&ilureof  vision,  and  an  inability  toobtain  suitable 
glasseii,  are  usually  the  first  symptoms  complained  of  by  elderly 
patients.  The  vision  is  generally  worse  in  one  eye  than  in  the 
other.  In  the  early  stage  of  those  forms  of  cataract  where  the 
opacity  commences  within  the  central  portions  of  the  lens,  Uw 
patient  can  always  see  better  when  placed  in  any  cotiditii 
that  favours  the  ditatition  of  the  pupil ;  he  will  therefore  preft 
a  dull  day  or  the  twilight,  and  his  vision  will  be  improved 
wearing  a  shade,  or  by  standing  with  his  back  to  the  ligUl 
hia  distant  vision  will  be  better  after  the  nse  of  atropine. 

With  the  progress  of  the  cataract  towards  maturity,  all  useful 
vision  disai>pears.  First,  all  distant  teat  types  and  objects  are 
lost  to  sight ;  then  the  reading  power,  even  for  the  largest  type, 
gradually  goes;  lastly,  the  patient  is  unable  to  count  fingera 
when  held  u\>  within  from  20  to  40  cm.  of  the  affected  eye.  In 
no  ease  of  cataract,  however,  is  the  o]>acity  so  dense  as  to  pre- 
vent the  patient  from  distinguishing  between  light  and  dark- 
nees.  In  the  broad  daylight,  when  placed  with  his  face  towards 
the  window,  he  perceives  a  shadow  when  the  hand  is  passed  in 
front  of  the  eyes ;  and  in  a  dark  room  he  can  localise  tile 
tion  of  the  flame  of  a  lamp  or  candle.  This  perception 
light  should  always  be  present  in  mature  cataract ;  its  abeei 
indicates  the  eristence  of  disease  in  the  fundus  ocidi.  Of  course 
in  such  a  case  no  operation  could  be  of  any  jwssible  benefit. 

Owing  to  the  changes  which  occur  in  the  various  sectors  of  the 
lens  during  the  development  of  cataract,  it  sometimes  bapj 
that  monocular  diplopia  and  irregular  astigmatism  are  develi 

In  children  there  is  generally  a  history  of 'near-sightedi 
which  is  usually  noticed  as  soon  as  the  child  begins  to  read. 
This  is  due  to  the  fact  that  the  book  is  held  close  to  the  face  in 
order  to  obtain  larger  retinal  images,  and  it  is  mort'  particularly 
noticeable  in  lamellar  cataracts.  When  the  opacity  is  denser, 
as  is  usually  the  case  in  congenital  cataracts,  the  white  reflex 
from  the  pupil  is  often  noticed  within  a  few  days  after  birth. 
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2.  Gha/iiges  in  the  appearaitces  of  the  pupil. — In  young 
subjects  the  normal  pupil  looks  quite  black,  whether  seen  by 
diffused  light  or  by  focal  illumiuatioii ;  after  the  age  of  tliirty- 
five,  however,  it  ofteu  happens  tltat  a  grey,  hazy  appearance 
is  presented,  which  may  easily  be  mistHken  for  cataract.  A 
diagnosis  should  therefore  never  be  given  on  the  strength  of 
this  appearance  only.  When,  on  account  of  gradual  failure  of 
sight  or  other  syuiptoms,  the  presence  of  opacity  of  the  lens 
is  suspected,  the  pupil  should  be  dilated  by  the  use  of  some 
mydriatic  (F.  17,  20,  or  22),  and  the  patient  examined  in  a 
dark  room  by  means  of  ihe  ophthalvMscope,  and  by  the  uhliipis 
focal  illumination.  By  using  a  concave  or  a  pliine  mirror  at 
a  distance  of  about  one  metre  (40  inches)  in  front  of  the  eye, 
any  opacity  of  the  transpaient  media  can  be  at  once  detected. 
In  the  normal  fundus,  as  already  described  (p.  134),  there  is  a 
homogeneous,  bright,  orange-red  reflection  lighting  up  the  whole 
area  of  the  dilated  pupil.  Any  opacity  esistiog  in  the  vitreous, 
Ihe  crystalline  lens,  or  the  cornea,  would  intercept  the  rays 
reflected  from  the  fundus,  and  so  would  appear  dark  (black)  is 
proportion  to  its  density. 

To  ascrrtahi.  the  position  of  Ike  c^twity,  oblique  focal  illu- 
mination  (p.  70^  should  be  employed ;  by  this  mean.s  opacities 
of  the  cornea  or  lens  can  be  at  once  recognised.  If  the  opacity 
i.'annot  be  thus  detected,  recourse  should  be  had  to  direct 
ophthalmoscopic  examination,  when  an  opacity  in  the  vitreous 
will  at  once  be  recognised,  and  it«  depth  approrimately  mea- 
aored  by  finding  what  is  the  strongest  convex  lens  with  which 
it  can  be  dixtinctly  seen.  In  many  cases  the  vitreous  is  fluid, 
and  the  o|MU.-ilies  are  seen  to  float  about  as  the  affected  eye  is 
quickly  moved  in  any  direction.  As  seen  by  the  oblique  focal 
illumination,  the  opacity  of  the  lens  ap)>eani  in  its  true  colour, 
■nd  the  transparent  portions  no  longer  present  a  red  reflex. 
The  characters  pre-sented  by  the  various  immature  and  ]>artial 
cataracts  when  examined  by  these  methods,  are  given  in  the 
Sgures  opposite  p.  250 ;  it  will  be  observed  that  in  the  nuclear 
form  the  ojncity  is  most  dense  at  the  centre,  and  gradually 
fades  away  at  the  outer  part.  When  th<-  cortical  or  central 
portion  of  the  lens  is  efficiently  clear  for  an  ophthalmoscopic 
^Onmination  to  be  made,  advantage    should  be  taken  of   this 
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opportunitv  to  ascertain  the  coQclition  nf  the  fuodtis;  such 
knowledge  will  be  useful  with  regard  to  the  probable  results  of 
ii  future  operation,  and  cannot  be  obtained  later  on  when  the 
cataract  has  become  more  general. 

In  the  lamellar  form,  if  the  pupil  is  widely  dilated  the  peri- 
jihery  of  the  lens  is  seen  to  be  clear,  while  in  the  centre  of  the 
pupil  the  shell  of  opacity  forms  a  regular  circular  area  of  darker 
cnlnur,  which  is  often  sufficiently  thin  to  allow  of  the  fundus 
i^ing  seen  through  it;  the  edge  of  tbis  often  appears  darker 
owing  tn  the  opaque  shell  being  viewed  '  end-on  ; '  occasionallj 
minute  strife  can  be  seen  radiating  from  the  opacity  into  Uii 
otherwise  clear  periphery. 

The  treatment  of  catnr<ict.—lu  no  case  can  the  opacity  of 
the  crystalline  lens  be  made  to  recede  by  the  use  of  therapeutic 
agents  ;  the  question  of  treatment  therefore  resolves  itself  into 
the  best  means  of  restoring  vision  by  operative  i 

1 .  By  artificiftl  pnpU. — When  the  cataract  is  non-pr 
sive,  and  the  extent  of  the  ojiacity  is  such  that  its  area  ia 
to,  or  very  slightly  greater  than  that  of  the  normal  pupil,  much 
benelit  is  sometimes  derived  from  the  formation  of  an  artilicial 
pupil.  In  such  cases  the  patient  may  be  able  to  see  tolerably 
well  in  the  twilight  with  deeply  tinted  glasses,  by  shading  the 
eyes,  or  by  other  conditions  which  favour  the  dilatation  of  the 
pupil;  but  ia  quite  incapacitated  for  useful  vision  by  the  pre- 
sence of  diffused  bright  light,  which  causes  contraction  of  the 
pupil.  In  order  to  ascertain  the  probable  result  of  an  artificial 
pnpU  in  a  ease  of  th  is  description,  the  pupil  should  be  thoroughlv 
dilated  with  atropine  ;  the  vision  for  distant  tyi>es  should  then 
he  carefully  tested,  any  existing  error  of  refraction  being  at  the 
same  time  neutralised  by  means  of  the  correcting  glasses.  If 
this  dilatation  of  the  pupil  is  found  to  materially  improve  the 
distant  vision,  so  that  the  i»atient  is  enabled  to  see  the  letters 
corresponding  to  ^,  -j*^,  or  even  -j",  of  Snellen,  it  may  be  anti- 
cipated that  the  vision  will  be  ittill  more  improved  by  the  for- 
mation of  a  sniall  artificial  pupil  in  the  downward  and  inn-ard 
direction  j  and  that  after  the  operation,  when  the  accommodating 
]K>wer  of  the  eye  is  no  longer  (laralysed  by  iitnipine,  he  will  alxo 
jwBsesa  good  near  vision.  The  siee  of  the  artificial  pupil  moBt 
vary  according  to  the  eitent  of  the  o[)acity  j  ho  long  aji  it  in 
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brought  opjiosite  to  the  clear  portion  of  the  lens,  the  Hioaller  it 
is,  the  better  will  it  be  for  distiDctnesu  of  vision.  It  may  lie  made 
by  iridectomy,  by  iridotomy,  or  by  iridodesis.  The  method  I 
]irefer  in  these  cases  is  that  of  iridectomy  by  means  of  the 
hook,  as  described  on  p.  161.  The  artificial  pupil  made  in 
this  manner  is  narrow,  especially  at  its  periphery,  and  there 
is  not  so  much  spherical  aberratinn  as  occurs  in  larger  iridec- 
tomies in  which  a  considerable  extent  of  the  lens  margin  itt 
exposed. 

In  suitable  cases  this  operation  jiossesses  at  leajittwo  advun- 
tjiges  over  the  removal  of  the  lens — namely,  that  the  operation 
itself  is  practically  free  from  risk ;  and,  secondly,  that  the  power 
of  accommodation  is  retJiined. 

When  the  dieUiiit  vision  ie  not  improved  by  full  dilatation 
of  the  pupil,  it  may  be  concluded  that  an  artificial  pupil  would 
be  of  no  service,  and  recourse  had  better  be  had  to  one  of  the 
n))eratioDs  to  be  presently  described  for  the  absorption,  or  the 
removal  of  the  lens  itself. 

i.  By  wlation  and  abaorptiou. — Any  kind  of  cataract, 
whether  nuclear,  lamellar,  cortical,  or  general,  occurring  in  sub- 
jects under  thirty-five  years  of  age  is,  as  we  have  mentioned. 
Mo/t  in  structure.  By  lacerating  the  anterior  capxule.  and 
breaking-up  the  lamiute  of  such  a  lens,  the  aqueous  humour  is 
brought  into  immediate  contact  with  itit  fibres,  and  has  the 
effect  of  causing  them  to  become  opaque  and  swollen.  This 
effect  is  produced  within  the  first  twenty-four  hours  after  the 
operation,  and  is  immediately  followed  by  a  process  of  gniduni 
disintegration,  solution,  and  absorption.  This  method  is  called 
discixsiou,  or  the  needle  operation.  It  may  be  employed  in 
any  soft  cataract  which  is  not  amenable  to  treatment  by  the 
form»tion  of  an  artificial  pupil.  The  younger  the  subject  the 
more  quickly  do  solution  and  absorption  take  place,  and  the 
leas  liable  i«  (he  eye  to  severe  infianimation  after  the  opera- 
tion. After  the  age  of  thirty-five  the  nuclear  portion  of  the 
len«  IB  BO  hard  that  the  number  of  operations,  and  the  time 
required  for  solution,  are  beyond  enduraiice,  while  the  larger 
size  of  the  lens,  and  the  greater  intdlentuce  of  the  eye  to 
increased  intni-ocular  tension,  render  this  operalioQ  more 
dangerous  than  in  younger  subjects. 
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IJiiiii  thnt,  except  in  young  children  and  in  p<T9ons  of  nervous 
lempe rami' lit,  un^'stliesia  is  not  necessarj.     The  jntpil  niiist  \w 
dilated  bj  the  previous   use   of  a   mydriatic 
ft  fl         (V.   19,  21,22).      The  positions  of  the   ope- 

I  I  rator  and    the   patient   are   the   same  aa    for 

I  I  iridectomy  (p.  158).     The  lids  being  xeiiHrated 

I  by  a  wpecuUim,  and  the  globe  held  steadT  by 

I  I  fixation  forcejis  or  with  the  fingers,  a  catamct 

\         h         needle  (fig.  61)  is  passed   oliliqody  tliroiigli 
T  j       the  onter  part  of  the  cornea  inti>  the  anterior 

,  I  I       chamber.      Its  point  is  then  made  to  perforate 

I  the  anterior  capsule   of  the  lens  within   the 

I  area  of  the  dilated  pupil  (see  fig.  62).      By 

I  gentle    to-«nd-fro    movements     the     capsule 

I  is  now  Incerated,  and  the  lens  matter  having 

I  been   broken   up    to   the  esteut  desirpfl,  tlif 

,  ,         needle  is  gradually  withdrawn.     The  best  part 

■      H  ;         of  the  cornea  at  which  to  insert  the  needle 

H  is  that  at  from  2  or  3  mm.  from  the   outer 

V  extremity  of  its  horizontal  diameter.     The  ex- 

tent to  which  the  capsule  should  be  lacerated, 
and  the  lens  matter  stiiTed  up,  depends  upon 
1  the  n.iture  of  the  case.     Care  should  be  taken 

I  ■  not  U)  wound   the   jxisterior   capsule   i 

l.-ns,  as   the  vitreous  is  then   liable  to  ( 
forward,  and   so  to  interfere  with  the  octiol 
of  the  aqueous  u|Kin  the  lens.      To  prevei 
this  accident  needles  are    often  made  with  ^ 
shoulder   or  'stop,'  as   the   left    one   in 
CI  ;   this,  however,  is   not   u   sufficient 
guard   for  a   clumsy  operator,  and   is   qui 
unnecessary  for  anyone  of  average  dexterity^ 
it  is,  however,  «  slight  advantage,  as  it  give* 
CttUr'nctN^lM.    firmness    to  the  needle.     In  a  projierly  con- 
structed cataract  needle  the  shaft  should  ex-_ 
(lotlvfil  the  puncture,  if  it  fits  too  loost-ly  aqueous  willh 
if  too  tightly  its  movements  will  be  impeded.     The  c< 
solution  of  a  lens  by  this  process  usually  requires  the  iH-rfon 
of  thn-'-  or  four  needle  operations  and  occujiies  a  jieriod  vaiyia 
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from  four  to  eight  weeks.  At  the  first  neeiUing  it  is  best  not  to 
do  more  than  lacerate  the  capsule  and  the  most  anterior  layers  of 
■lUie  lens  substance  by  a  slight  vertical  or  crucial  incision.     This 


is  usually  followed  by  increased  opacity  of  the  lens  substance, 
wliich  swells  up  and  bulges  forwards  through  the  pupil,  so  that 
it  may  be  seen  projecting  intfl  the  anterior  chamber.  After 
the  u[»eration  the  pupil  must  be  kept  dilat«d  by  the  use  of 
1  per  cent,  solution  of  atropine  every  three  hours ;  the  patient 
should  be  kept  in  bed,  the  room  darkened,  and  the  closed  lids 
kept  constantly  cool  by  means  of  lint  dipped  in  cold  or  iced 
water  during  the  first  forty-eight  hours  ;  after  that  time,  if  the 
case  is  doing  well  the  wet  dressing  may  be  replaced  by  a  single 
layer  of  dry  lint  and  a  bandage ;  both  the  eyes  should  still  be 
screened  from  the  light,  either  by  means  of  a  dark  sluule  over 
the  bandage,  or  by  remaining  ia  the  dark  room. 

CompluxitioTis. — Although  a  simple  and  easy  operation, 
several  precautions  are  necessary. 

(i.)  The  laceration  of  the  capsule  and  the  lens  must  not  be 
too  pxtt-nsive,  especially  at  the  first  needling,  otherwise  the 
masses  of  crystalline  lens  become  mo  rapidly  swollen  by  imbibi- 
tion of  the  aqueous  as  to  set  up  increasedintra-ocaUtr  tension. 
For  simiUr  reasons  the  iris  and  ciliary  body  are  liable  to 
iMKome  irritated  by  the  swollen  lens  to  such  an  extent  as  to 
cuuMi  iritia  or  irtdo-cyclttta. 

(ii.)  During  the  three  days  micceeding  the  operation  the 
ey»  requires  careful  watching  and  treatment.  The  occurrence 
of  flight  ciliary  congestion,  without  jMiin,  need  cause  no  anxiety ; 
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but  if  the  redness  around  the  circumference  of  the  cornea  in- 
crease, and  be  aeeomyanied  by  pain,  and  by  symptoms  of  com- 
mencing iritis,  a  few  leeches  should  be  at  once  applied  to  the 
lower  lid,  the  atropine  repeated  more  frequently,  and  the  Iced-J 
water  dressing  continued. 

(iii.)  If  these  remedies  do  not  cut  short  the  inflammatory 
symptoms,  but  are  followed  by  increasing  pain,  congestion,  andfl 
symptoms  of  irido-cyclitis,  or  glaucomatous  tension,  the  soft  lei 
matter  must  be  immediatdy  removed,  either  by  the  method  o 
linear  extraction  or  by  suction. 

The  exact  period  at  which  to  perform  the  second  neecUitt^ 
must  be  decided  by  the  condition  of  the  eye.  In  no  i 
should  it  be  undertaken  until  all  the  inflammatory  symptomJ 
which  may  have  been  produced  by  the  first  operation  hsvt 
entirely  subsided,  leaving  the  eye  perfectly  quiet,  free  JVoiU 
all  pain,  and  without  a  trace  of  redness  in  the  circum-ccn-nei 
zone.  As  a  rule  it  is  well  to  wait  until  the  process  of  absc 
tion  seems  to  he  at  a  standstill;  if,  however,  it  is  wished  i 
hasten  the  process  there  is  no  objection  to  repeataog  the 
needhng  as  soon  as  all  irritation  has  ceased. 

In  the  second  and  third  operations  the  needle  may  be  ased 
more  freely  than  in  the  first,  as  there  is  less  risk  of  setting  apin-i 
flammatory  mischief.     Wiien  absorption  progresses  slowly,  Bome| 
surgeons  ^jerform  repeated  paracenteses  of  the  anterior  chamb< 
in  order   to  evacuate  the  aqueous  humour,  which  is  satura 
with  the  substance  of  the  lens. 

The  needle  operation  is  often  required  after  the  extractioi 
of  catanujt,  when  a  portion  of  capsule  lies  in  the  pupil.  A  sin^lfl 
needle  may  suffice  for  this  purjwse,  hut  when  the  capsule  is  toughJ 
it  is  always  better  to  use  two,  otherwise  the  attachment  of  this 
membrane  in  the  region  of  the  ciliary  body  is  necessarily  draggt 
upon,  and  cyclitis  is  very  likely  to  be  set  up ;  if,  on  the  oLbel 
handjtwo  needles  are  used,  the  rent  can  be  made  by  tearing  from  ' 
the  centre,  without  the  least  traction  on  the  ciliary  attachment. 

The  needle  operation  is  often  supplemented  by  the  subse- 
quent  removal  of  the  soft  lens  matter,  either  by  linear  extrao-  - 
tion  or  by  suction.     These  operations  save  a  good  deal  of  time,/ 
and  are  sometimes  necessary,  as  we  have  seen,  to  counteractT 
inflammatory  symptoms  after  a  simple  needling. 
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The  linear  operation  (Gibson)  consists  \a  the  removal  of  a 
soft  lens  through  a  small  iticisioD  in  the  cornea.  It  is  especially 
indicated  in  cases  of  tranmatic  cataract,  whether  produced  by 
the  needle  operation  or  by  any  other  injury,  in  which  the 
eye  has  become  painful  and  inflamed.  When  employed  for  the 
removal  of  other  forms  of  soft  partial  cataract,  as  the  lamellar, 
the  linear  extraction  should  be  preceded  by  the  needle  operation 
(p.  258),  the  anterior  capsule  of  the  lens  being /r«iy  lacerated, 
in  order  that  the  lens  matter  may  be  rendered  more  soft  and 
so  escajje  more  freely  from  the  corneal  wound.  Some  surgeons, 
however,  prefer  to  complete  the  operation  at  one  sitting,  and  in 
order  to  do  this  they  lacerate  the  anterior  capsule  of  the  lens 
by  means  of  a  cystitome  (fig.  78)  introduced  on  the  flat, 
through  the  corneal  wound. 

When  the  needle  operation  is  performed  as  the  first  stage 
of  the  operation,  the  inter\-al  of  time  which  should  elapse  be- 
tween this  and  the  extraction  of  the  softened  lens  matter  must 
\'ary  with  the  condition  of  the  eye.  Should  the  latter  remain 
quiet,  and  free  from  any  marked  pain  or  redness,  it  may  with 
advantage  be  left  until  the  sixth  or  eighth  day.  But  should 
there  be  considerable  pain,  and  especially  if  this  is  combined 
with  inflammatory  or  glaucomatous  symptoms,  the  extraction 
should  be  effected  without  further  delay. 

Operatian. — The  pupil  being  widely  dilated  by  atropine,  the 
fntient  thoroughly  anaesthetised,  the  eyelids  sejiarated  by  a 
B|>efutum,  and  the  globe  held  steady  by  fixation  forceps,  a  bent 
broad  needle  (fig.  48)  is  jwissefl  through  the  cornea  into  the 
anterior  chamber  in  a  direction  parallel  to  the  plane  of  the  iris. 
The  incision  should  be  about  2  mm.  within  the  margin  of  the 
cornea  on  its  temporal  side ;  its  width  should  be  about  5  or 
6  mm.  If  the  greater  part  of  the  lens  substance  still  lies 
within  the  capsule,  the  latter  should  be  freely  incised  before 

tnen]1e  is  withdrawn.     The  broad  needle  is  then  withdrawn 
Uid  aside,  and  the  curette  {fig.  63)  taken  up.    Gentle 
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preBBure  is  first  made  with  this  upon  the  outer  lip  of  the  wonndt 
and  is  usiially  followed  by  the  exit  of  a  considerable  quantitv  of 
aqueous  humour  and  soft  lens  matter;  the  curette  raav  then  be 
carefully  introduced  through  the  wound  into  the  area  of  the 
pupil,  when  any  remaining  lens  matter  will  usually  be  found  to 
escape  along  its  groove.  Should  any  fragments  of  lens  still  re- 
main, they  may  be  followed  by  the  curette,  and  the  point  of 
the  latter  dipped  beneath  them  so  aa  to  scoop  them  out. 

Accidents  and  complications.— {i.')  Care  must  be  taken  in 
using  the  curette  not  to  rupture  the  posterior  capsule ;  thit 
accident  is  liable  to  be  followed  by  protrusion  of  the  vitreous 
forwards  into  the  anterior  chamber  and  through  the  corneal 
wound.  If  this  should  occur  no  further  attempt  should  be 
made  to  remove  the  lens  matter. 

(ii.)  Unless  the  curette  be  gently  manipulated  the  iris  may 
be  contused ;  a  slight  injury  of  this  structure  is  liable  to  be 
followed  by  inflammation  and  plastic  exudation. 

(iii.)  At  the  time  of  the  first  escape  of  the  aqueous,  after  the 
incision  of  the  cornea,  the  iris  is  occasionally  found  to  protmcie 
between  the  lips  of  the  wound.  This  can  often  be  returned  by 
gentle  pressure  with  the  curette  or  si>atula.  Should  it  be  found 
impossible  to  do  this,  the  protruding  portion  must  be  seized 
with  forceps  and  excised  with  the  iridectomy  scissors.  Some 
surgeons  prefer  to  remove  a  small  piece  of  iris  in  all  caaes. 

The  after  treatment  is  the  same  as  for  the  needle  operation. 

The  Buotion  operation  is  similar  in  principle  to  that  juat  dfv 
scribed,  and,  like  it,  may  be  performed  all  at  one  sitting,  but  is 
generally  more  successful  when  [ireceded  by  the  needle  opera- 
tion. It  consists  in  the  removal  of  the  soft  lens  matter  by 
means  of  an  aspirator  ])assed  through  a  small  wound  in  the 
cornea.  The  same  interval  of  time,  Ac.  between  the  needling 
and  the  removal  of  lens  matter  are  necessary  here  aa  in  the 
linear  operation. 

Operation. — ^The  patient  being  aniDsthetised,  and  the  eye 
fixed  lis  bcfnre,  an  incision  is  made  in  the  cornea  by  means  of 
an  angular  broad  needle  (fig.  48.  p.  150) ;  the  wound  should  ba 
just  large  enough  to  easily  admit  the  nozzle  of  the  aspirator ;  it 
!ihould  be  on  the  temporal  side  of  the  cornea,  about  2  or  3  mm. 
from  the  sclerotic.     The  aspirator  consists  of  a  small  flattened 
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cannula,  having  a  free  oi>ening  on  one  side  {h,  fig.  64),  iiml 
connected  with  a  glass  tube  {d  il).  This  is  iittached  either 
to  a  Bi«tal  piston-springe  ( Bowman'!;),  or  to  an  india-rubber 
tube  and  mouthpiece  (e)  (Teale's).     The  nozzle  of  this  instru- 
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ment  i3  passed  into  the  anterior  chamber  with  its  concavity 
upwards,  and  placed  in  the  most  favourable  position  for  with- 
drawing the  lens  matter  without  injuring  the  iris.  Gentle 
nuction  is  then  made,  and  as  much  leUH  matter  removed  aa  pos- 
sible. The  uozzle  must,  however,  not  be  passed  behind  the  iris 
in  Bearch  of  fragments. 

The  after  treatment  is  the  same  as  for  the  needle  and  the 
linear  operations. 

This  operation  requires  great  care  and  delicacy  in  manipu- 
lation; when  successful  it  gives  very  satisfaelory  n-sults,  more 
especially  in  the  sa%-ing  of  time  which  it  eflects  by  the  early 
removal  of  the  lens  matter. 

I'nfortnnately  it  ia  occasionally  followed  by  inflammatory 
trouble,  which  sometimes  leads  to  loss  of  the  eye  by  suppura- 
tion. The  first  symptom  of  this  ia  a  continuance  of  the  con- 
junctival injection  and  pain  beyond  the  third  day;  signs  of 
iriliit  then  eu|>ervrnu — dullness  of  ihe  iris  and  incomplete  dila- 
tation with  atropine;  a  day  or  two  later  hypopyon  may  make 
its  appearance.  A  gootl-sized  iridectomy  downwards  will  some- 
times do  good  in  this  atat«  of  affairs,  and  occasionally  the  pim 
will  be  absorbed  and  a  good  result  obtainiHl ;  the  suppuration 
niRy,  however,  extend  to  the  vitxvouH,  luid  shrinkiug  of  the 
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3.  By  the  extraction  of  the  entire  cataract.— After  the  age 
of  tliirty-five  the  structure  of  the  Itnx  is  so  d^nse,  aod  it» 
Lucleus  so  large,  that  its  removal  requireB  a  larger  incision  tbau 
that  just  mentioned  for  the  linear  operatiou. 

It  is  usually  advisable  to  avoid  operating  until  the  opacity  I 
has  extended  to  the  greater  part  of  the  lens,  otherwise  the  un-  I 
affected  cortical  substance  remains  adherent  to  the  capsule,  I 
and  although,  owing  to  its  transpiirency,  it  is  ditficult  or  im- 
possible to  see  it  at  the  time  of  the  operation,  it  afterwards  I 
becomes  swollen  and  oj^que,  and  gives  rise  to  trouble  to   be 
presently  described.     When  the  whole  of  the  lens  has  become 
ojjaque,  the  cataract   is   said   to   be  'matm'e'  or  'ripe;'  the 
signs  of  this  condition  are,  that  no  red  reflex  can  be  obtained  j 
from  the  choroid  by  the  uee  of  the  ophthalmoscoj)e,  and  no  I 
shadow  is  thrown  by  the  iris  upon  the  lens  when  light  is  pro- 
jected  ujwn   tile   eye  by  oblique  focal  illumination.     If  the 
cataract  is  removed  before    it   has   reached  this  condition  of 
maturity,  it  does  not  so  readily  shell  out  from  the  capsule,  but 
is  liable  to  leave  behind  it  more  or  less  of  the  tmnsparent  por- 
tion either  adherent  to  the  capsule  or  within  the  pupillary  area.  I 
These  remains,  however,  can  often  be  evacuated  at  the  time  of 
the  operation  j  when  left  in  the  eye  they  are  apt  to  swell  op 
and  to  cause  iritis.     In  such  cases  lymph  is  often  thrown  out  in 
considerable  quantity,  and,  becoming  organised,  may  form  a 
dense  membrane  completely  otcludiug  the  pupil.     As  a  rule  J 
these  fragments  of  cortical  matter  are  eventually  absorbed,  but  I 
in  the  meantime  irreparable  mischief  may  have  been  set  up  I 
by  their  presence. 

There  are,  however,  many  circumstances  which  sometimes  1 
render  it.  highly  inconvenient,  if  not  altogether  impossible,  to  I 
wait  for  the  complete  maturity  of  a  cataract.  There  may  ba  I 
commencing,  or  equally  advanced,  cataract  in  the  second  eye,  by  J 
which  the  jtatient  is  deprived  of  all  useful  vision,  and  is  con—, 
sequently  debarred  from  following  his  usual  occupation.  Tho  I 
patient's  place  of  residence  may  be  beyond  the  reach  of  surgical  1 
skill,  and  he  maybe  unable  to  present  himself  for  periodiml  J 
examination.  In  such  cases  the  extraction  of  the  immature  I 
catamct  at  the  earliest  possible  date  is  im]ierative.  Under  I 
such  circumstances  it  is  best  to  ]ierfonn  an  iridectomy  upwards  I 
as  a  preliminary  operation,  and  after  the  lapse  of  six  or  eight  I 
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weeks  to  extract  the  catiirnct  from  one  eye  at  .1  time.  Tins 
preliminary  iridectomy  iloes  not  interfere  with  what  little  vision 
the  patient  may  possess — indeed,  the  enlargement  of  the  pupil 
may  improve  this,  and  it  has  the  effect  of  lessening  the  danger 
uf  iritia  after  the  extraction  ;  it  also  enables  the  cataract  to  be 
removed  before  it  is  quite  mature  without  much  risk,  and  in 
some  pjwes  seems  to  hasten  the  maturing  of  the  cataract. 

When  mie,  eye  only  is  affected,  or  when  the  second  eye  is 
etill  serviceable,  the  removal  of  the  lens  is  less  urgent;  if, 
however,  the  cataract  is  quite  complete,  it  is  better  that  it  should 
be  extracted  without  further  delay.  The  result  of  the  operation 
will  not  be  bo  satisfactory  to  the  patient  as  it  would  be  if  the 
second  eye  were  blind,  on  account  of  the  difference  of  refrac- 
ti<m  between  the  operated  and  the  sound  eye,  but  delay  in  ex- 
traction might  cause  the  eye  to  become  amblyopic  from  disuse. 
'ITie  increased  visual  field  which  is  obtained  by  the  use  of  both 
eyes  is  of  considerable  advantage,  while  the  operated  eye  will 
he  ready  for  use  in  case  of  the  other  becoming  cataractous. 
Finally,  the  removal  of  a  disf:giu-ement,  which  is  often  very 
marked,  is  of  imiwrtance  from  an  lesthetic  point  of  view. 

When  both  eyes  are  affected  at  the  same  time,  and  both  the 
cataracts  mature,  it  is  well  that  the  two  extractions  should  not 
be  performed  at  the  same  sitting,  but  that  they  should  be 
separated  by  an  interval  of  some  weeks.  If  both  eyes  were 
done  together,  and  one  of  them  should  progress  badly,  it  would 
complicate  the  management  of  its  fellow ;  whilst  in  two  sejuirate 
ojw  rat  ion  8,  the  failure  of  the  first  eye,  during  or  after  extraction, 
may  enable  us  to  take  special  precautions  with  the  second; 
thus  it  might  be  considered  better  to  make  the  incision  more 
or  less  peripheral,  to  perform  preliminary  iridectomy,  to  extract 
the  lens  in  its  capsule,  or  to  use  the  scoop  instead  of  pressing 
UI«in  the  cornea  in  the  removal  of  the  lens. 

The  flap  op«ratioii.^It  was  not  until  towards  the  middle  of  the 
Inst  century  that  the  operation  of  extracting  a  cataraetons  lens 
became  a  regular  surgieul  proceeding.  Previous  to  that  dat«,  the 
recognist^d  treatment  of  cat-aract  was  that  of  rec^tna^unt  or  couc^ 
ijif/,  which  consisted  in  dislocating  the  lens  into  the  vitreous. 
The  immediate  effect  of  this  was  of  course  salisfartory  as  regards 
the  improvement  in  vision,  but  subsequent  trouble  nearly  always 
arose  &om  the  irritation  set  up  by  the  displaced  lens,  and  the 
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eye  was  generally  eventually  lost   from  irido-choroiditis  or 
glaucoma. 

During  the  first  half  of  the  eighteenth  century,  extraction 
was  occasionally  performed,  but  to  Daviel  certainly  belongs  the 
credit  of  having  definitely  established  the  superiority  of  extrac- 
tion over  reclination. 

DavieVa  method  was  to  make  in  the  cornea  near 
its  lower  margin  an  incision  with  a  lance-shaped 
knife,  and  to  enlarge  this  in  both  directions  with 
scissors,  so  that  he  obtained  an  incision  concentric 
Fig.  65.       with  the  lower  margin  of  the  cornea,  and  extend- 
ing a  little  above  the  horizontal  meridian  (fig.  65\ 
The  flap  having  been  raised,  the  capsule  was  lacerated,  and 
the  lens  expressed  through  the  pupil. 

Beer  modified  the  operation  by  using  the  triangular  knife 
which  bears  his  name.     The  point  of  this  was  introduced  into 


Fio.  66.— Beer's  Knife. 

the  cornea  level  with  its  horizontal  meridian,  and,  while  the 
point  of  the  knife  was  carried  across  the  anterior  chamber  to 
make  its  exit  at  a  corresi>onding  point  on  the  other  side,  the 

edge  cut  its  way  out  at  the  sclero-comeal  junction, 

Othus  forming  a  flap  which  corresponded  almost,  ex- 
actly with  the  lower  half  of  the  cornea  (fig,  67). 
The  flap  thus  formed  was  slightly  smaller  than 
Fig.  67.        Daviel's,  and,  being  made  by  a  simple  cut,  allowed 
of  more  perfect  adaptation  of  the  parts. 
There  is  no  doubt  that  the  above  method  was  a  very  g^eat 
advance  on  former  proceedings,  and  that  many  most  excellent 
results  were  obtained  by  it ;   indeed,  nothing  could  be  more 
perfect  than  a  flap  oi)eration  which  succeeded  well;  after  the 
wound  had  healed  there  was  hardly  a  trace  of  its  existence 
left  upon  the  cornea,  «ind  the  pupil  retained  its  natural  size, 
form,  and  function  ;  but   the  percentage  of  failure  was  very 
high,  and  this  was  in  great  part  due  to  faults  inherent  in  the 
method. 
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In  the  first  place,  the  nutrition  of  the  cornea  was  seriously 
imperilled  bya  section  including  half  its  circumference  ;  in  the 
second,  the  large  size  of  the  wound  predisposed  to  prolapse  of 
the  iris,  which  not  only  delayed  the  union  of  the  wound,  but 
by  its  adhesion  gave  rise  to  subsequent  inflanimatory  trouble, 
such  as  iritis  and  irido-cyclitis.  The  iris  itself  was,  moreover, 
necessarily  contused  by  the  passage  of  the  lena  through  thu 
pupil,  and  this  was  often  followed  by  iritis,  which  led  to  closure 
of  the  pupil  hy  lymph. 

Some   of  these  dangers  were  lessened  by  Jacobaon,   who 
made  the  section  in  the  sclerotic  concentric  with 
the   cornea,   thus    carrying   it    through    vascular 
tissue,  while,  owing  to  the  larger  circumference  o 
the  globe  here,  the  same  length  of  incision  was 
obtained  without  carrying  its  extremities  as  high      fib.  6i. 
as  the  horizontal  meridian  (fig.  68).    It  is  doubtful 
whether  to  jl/oore/i  or  toJacobson  should  be  ascribed  the  credit 
of  adding  an  iridectomy,  thus  obviating  effects  of  contusion  of 
the  iris  and  preventing  its  prolapse. 

Undoubtedly  the  most  important  modification  since  the  in- 
troduction of  the  operation  of  extraction  is  that  which  constitutes 
Von  Graefe's  operation.  The  principle  of  his  operation  is,  that 
the  section  should  be  as  near  an  approach  to  a  line  as  possible, 
cince  a  linear  wound  allows  of  a  more  perfect  co-aptation  than  a 
Rap ;  that  the  wound  should  by  preference  be  entirely  iu  the 
sclerotic ;  and  that  an  iridectomy  should  form  part  of  the  opera- 
tion. 

Since  the  wound  must  have  a  minimum  extent  of  10  mm., 
and  the  ciliary  body  must  be  avoided,  the  direction  of  a  '  linear ' 
section  which  is  to  be  wholly  iu  the  sclerotic  allows  of  coQ>[iuni- 
tively  little  variation. 

Ton  Qrftefe'i  linear  operatioa. — 1.  Tkg  inctgion  is  made 
with  the  right  hand  for  the  right  eye,  and  the  left  hand  for  the 
left  eye,  the  BUrgeon  standing  behind  the  iHtlient's  head. 

The  eyelids  are  kept  oi»en  by  means  of  a  stop-speculum. 
There  are  several  varieties  of  this  instrument.  The  form  I  prefer 
for  this  operation  is  that  thown  in  fig.  69.  It  is  curved  in  such 
a  manner  as  not  to  impede  the  movement  of  the  iustrunient* 
used,  and  ita  out«r  cud,  being  well  tKhind  the  plane  of  the  eye. 
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can,  if  necessary,  be  held  by  an  assistant  -without  interfering 
with  the  operator. 


Fig.  6n.— Spring  Stop  Speculut 


Noyes'   specula  (fig.  70)  are  also   admirably  adapted    for 

cataract  extraction. 


Flu.  70.— Noyes  Specula  (righl  ona  lefl). 


The  globe  must  be  held  steady,  and  kept  under  the  control 
of  the  operator  by  some  fixation  instrument.  The  coDJanctivW 
may  be  seized  just  below  the  position  of  the  counter-punctuTB 
with  the  fixation  forceps  (fig.  71),  or  when  the  conjunctiva  u 
extremely  brittle  the  sclerotic  may  be  held  by  means  of  a  forcei 
with  shaqter  and  longer  teeth  (fig.  72). 

An  extremely  useful  instrument  is  the  double  fixation  hot 
(fig.  73) ;  it  consists  of  two  minute  hooks  on  a  single  stem  placet 
back  to  back,  each,  however,  having  a  twist  to  the  right ;  when 
the  instrument  is  placed  perjiendicularly  upon  the  conjunctiva 
and  rotated  to  the  right,  it  takes  firm  hold  and  rolls  up  a  little 
screw  of  conjimctiva,  which  gives  a  good  grip,  and  which 
gives  way;  to  release  the  globe  it  ie  only  necessary 
the  instrument  to  the  left. 


which  seldom  JH 
iary  to  rotat«^| 
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Gneie'a  lineur  kEife  (fig.  74),  held  with  its  (Mitting  edge 
upwards,  is  then  made  to  enter  the  sclerotic  at  a  point  2  mm. 


below  the  upper  tangent  of  the  vertiml  meridian,  iind  lj"ing 
on  the  tangent  of  the  triin«verBe  meridian  of  the  corned  (i, 
lig.  75),  and  to  [lenetrate  the  anti-rior  L-hmiibiT ;  the  direction 
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of  this  penetration  shotJd  be  downwards  and  inwards  toirarda  0 
(fig.  7.1) ;  the  knife  having  retw^hed  the  middle  of  the  anterioc 
chamber,  its  handle  is  slightly  depressed,  and  its  point  pushed'! 
steadily  onwards  in  front  of  the  plane  of  the  iris,  so  that  : 

^^  counter-puncture  may  be  made   in    the    sclerotii 

^^    "^.1    on  the  opposite  side;  in  a  position  wbioh  shou] 
(  .(;       J      correspond  to   that  of  the  puncture  (h,  fig.  75^1 

-^_^       The  knife  is  now  made  to  cut  its  way  upwaidlil 
Fiu.  7S.       through   the  sclerotic,   and   to   come  out   at 

junction  of  this  with  the  upper  part  of  the  comean 
this  is  effected  by  pushing  the  knife  steadily  onwards  as  fas 
as  its  heel,  and  then  withdrawing  it  if  necessary. 

The  above  inciiiiun,  which  ordinarily  goes  by  the  name  of  I'mtg 
Grn-jVa,  hufi  been  slightly  moilifiej  by  different  opemtorK,  and  Voa  J 
Gi'acfB  himself  )tt  one  time  matle  the  puncture  aod  count«r-pimcttii«fl 
somewhat  higher,  so  that  the  height  of  the  flap  was  less  tluui  a  milU^I 
meti-e.'     In  nearly  all  modera  operations  the  puncture  and  Oount«ivl 


I  little  beyond  the  sclero  corneal  junction,  i 
I,  from  the  horixonttU  tangent  of  the  cornea,  the  Uu» 

3  Qraefe  in  Da  Wcckei'i  Chirvrpe  Oculain,  p.  SQL 


^ 
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a  M>nie  instaucea  traverses  tLe  coruea,  in  others  the  sclero- 
conienl  JHnotion  or  the  sclerolic. 

Figure  76  represents  the  moiliGcation  of  this  inciaion  which,  in 
suitable  maes,  ifi  aiwavs  made  by  my  colleagMe  Aodenoa  Critchett,' 
Bud  which  I  usiuklly  adopt  in  my  own  practice.  Tlie  jumcHire  aiiU 
couuter-puDctui'e  are  made  in  the  itclerotic  at  1  mm,  from  Iho  edge  of 
the  euriica  and  3  mm.  below  ita  upper  tangent,  the  knife  is  brought 
out  through  the  sclerotic  immediately  above  the  cornea — a  little  nearer 
to  this  than  is  represented  by  the  dotted  line. 

De  Wecker  makes  a  section  exactly  at  the  sclero-comeal  junction 
of  such  an  extent  ihat  its  height  is  about  3  mm. 

Btreatfeild  makes  an  incision  corresponding  to  the  tomeal  margin, 
but  mdkes  a  puiictui*  with  a  Sichel's  kuife,  and  enlarges  the  Wound 
to  the  required  extent  by  a  gentle  sawing  movement,  no  counter- 
]>um'ture  being  made. 

TsylOT  mnke^  the  incision  with  b  bent  broad  needie  (Gg.  i&), 
nnd enlarges  thswoundosin  the  preceding  operation.  The  cu|>sule  is 
Licernted  before  the  iridectomy  is  made  ;  and  in  performing  the  latter, 
a  bridge  of  iris  is  left  at  the  pupUlaiy  edge,  and  the  lens  extracl«d 
through  the  artificial  pupil. 

Ill  Warlomont't  operation  the  puncture  and  cotinterpuncturv  are 
mode  us  in  ^'ou  Gi-uefe's,  but  the  inciaton  lies  in  the  upper  part  of  the 


Liebreich'i  i«  simikr  to  the  preceding,  but  is  performed  downwards, 
neither  is  an  iridectomy  performed. 


In 


IKis.  77. — Tha  Iridectociy. 
2.  The  iridectomy. — The  fixation  fnrccjis  are  now  entrusted 
to  the  assistant,  who,  if  neceaaary,  will  seize  the  oculur  conjimc* 
>   UJe  •  Lectare  on  Eclpet>rl«in  In  Ot>«ral<o»*  tot  Calatavt.'     B/  lucIunoB 
rCritdislt,  Brit   Med.  Jtiirnal,  Novembci  17,  t9S3. 
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tiva  below  the  cornea,  and  gently  rotate  the  globe  downvsrdi 
The  iris  is  now  to  be  seized  with  the  iris  forceps  near  its  pupilJ 
lary  edge,  and  drawn  just  outside  one  angle  of  the  wound  n 
whilst  slight  traction  is  made  upon  it  in  this  position,  a  snip  !»■ 
made  through  its  outer  part  with  the  iris  scissors  in  the  n 
shown  in  fig.  77  ;  the  portion  of  the  iris  held  in  the  force|>8  tffl 
then  gently  drawn  across  to  the  other  angle,  and  the  excisioal 
completed  as  near  to  the  periphery  as  possible.  In  doing  this,] 
if  the  anterior  conjunctival  flap  should  be  long,  it  must  I 
turned  forwards  on  to  the  cornea,  otherwise  it  may  be  caugbt 
in  the  forceps  with  the  iris,  and  so  interfere  with  the  ex 
of  the  latter. 

3.  The  laceration  of  the  anterior  capatUe  of  the  trrm  i 
next  step  in  the  operation.  The  operator  again  takes  the  SurA 
tion  forceps  in  order  to  steady  the  globe  with  his  left  han<].T 
The  cyatitome  (fig,  78)  is  now  to  be  gently  passed,  on  the  Bat, 


Fia,  78.— Cjstitc 

into  the  anterior  chamber ;  when  it  has  reached  the  lower  edge  J 
of  the  pupil  its  point  is  rotated  towards  the  capsule,  and  thai 
latter  is  frtely  lacerated  from  below  upwards,  and  from  side  to  I 
side.  In  doing  this  it  should  be  remembered  that  the  capsule  I 
tears  very  readily,  and  that  any  undue  pressure  on  the  lens  J 
may  cau^e  it  to  sink  back  into  the  vitreous.  The  elabticity  of  J 
the  capsule  causes  the  rent  made  by  the  cystitome  to  gape  I 
widely,  so  that  if  properly  incised  a  large  triangular  gap  is  left  I 
after  the  lens  has  been  removed. 

The  removal  of  the  has. — By  the  exercise  of  gentle  pres-  i 
sure  with  the  back  of  the  curette  ujkju  the  sclerotic  and  on  the 
lower  jMirt  of  the  cornea,  the  edges  of  the  wound  are  seen  to  1 
become  separated,  and  the   upper  edge  of  the  lens  prenentsl 
itself  between  them  ;  by  the  coutinuation  of  this  pressure  in  i 
direction  backwards,  and  slightly  upwards,  the  lens  is  presently  \ 
expelled  (fig.  79).   In  immature  cataracts  there  will  still  reinun  a 
certain  amount  of  soft  corticiil  matter  within  the  pupillary  ares.  J 
This  should,  as  far  as  possible,  be  evacuated  at  once.     It^  re-  ' 
moval  may  be  attempted  before  the  speculum  is  taken  out,  by  i 


OPERATIOyS  FOR   CATARACT  EXTHACTIOX. 


af3 


gently  stroking  the  cornea  with  the  back  of  the  curette  from 
below  upwaitls  towards  the  wound  ;  or,  the  speculum  tx-ing  re- 
moved, a  similar  iiressure  may  be  made  upon  the  cornea  through 


i'm.  79. — The  Kvmaval  o(  ihe  Lens. 


the  lower  lid,  either  with  the  finger  or  the  back  of  the  eurvlte. 
KitluT  one  or  other  of  these  methods  of  coaxing  out  the  soft 
matter  should  be  repeated  until  the  pupil  looks  quite  black 
and  clear. 

A  patch  of  soft  linen  is  then  applied  to  the  closed  eyelids, 
and  Blight  pressure  made  by  means  of  layers  of  cotton  wool 
and  a  light  bandage.  The  patient  may  remain  for  a  few  hourx 
ui>on  the  u{ierating  couch,  or  may  be  at  once  placed  in  bed. 
I'hc  room  mujit  be  darkened. 

Aooident*  aod  immediate  complicatioiia. — 1.  Wrung  jwaitlon 
of  the  hi  iff., — The  o])<;rutor  may  tin d  that  he  haH  iulroduced 
thi;  bladt-  of  the  knife  with  its  cutting  edge  downwards  lOBtead 
(if  upwards.  In  case  of  this  awkward  occurrence,,  the  knife  must 
he  cautiously  withdrawn  on  the  flat,  »>  as  to  avoid  the  escape  of 
aqueous  ;  if  only  a  little  aqueous  is  lost,  the  knife  may  be  ogaio 
introduced,  either  at  theiutme  place,  or  by  making  a  fresh  punc- 
ture ;  if  much  aqueous  has  escaped,  so  that  the  iris  is  bulging 
forwards  against  the  cornea,  the  vpcration  had  better  be  post- 
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poned  for  a  day  or  two,  in  order  to  ailow  time  for  re-secretion  of 
the  aqueous  ;  without  this,  the  reintroduct ion  of  the  knife  and 
the  upward  section  would  c»uge  an  irregular  wound  of  the  iris, 

2.  Early  escape  of  the  aqueous. — Having  completed  th«  J 
puufture  and  the  counter-puncture,  the  section  must  not  be  | 
made  too  slowly,  or  the  aqueous  escapes,  and  the  iris  bullet 
forwards  in  contact  with  the  edge  of  the  knife  before  the  Be<v  i 
tioQ  is  finished.  Such  an  accident  is  not  very  serious,  as  the  I 
iris  has  to  be  excised  in  the  second  stage  of  the  operation  ;  it  is,  I 
nevertheless,  much  better  to  avoid  its  occurrence,  because  the  I 
outline  of  the  excised  iwrtion  of  iris  is  likely  to  be  jagged,  and  I 
less  regular  than  when  the  iridectomy  is  made  with  scissors^  J 
and  the  hiemorrhage  is  likely  to  be  troublesome  in  the  succeed-. 
ing  steps  of  the  operation. 

As  the  counter-puncture  is  being  made,  there  is  somctimesfl 
a  rush  of  aqueous  into  the  sub-conjunctival  tissue,  which  causesil 
the  conjunctiva  in  its  vicinity  to  start  forwards  in  the  form  « 
a  bladder,  which  obscures  the  point  of  the  knife.  This  sbouldl 
be  disregarded,  and  the  blade  of  the  knife  pushed  on  in  tbafl 
horizontal  direction  until  its  point  has  passed  through  the  con< 
junctiva. 

3.  Harmorrhage   into  the  anterior  chamber. — The  iridet 
tomy  is  liable  to  be  followed  by  hjemorrhage  into  the  anterioi 
chamber.     The  extravasated  blood  in  this  case  comes  psrtlyj 
from  the  iris  and  ixirtly  from  the  vessels  in  the  neighbourhood 
of  the  canal  of  Schlemm  ;  it  usually  ceases  to  flow  after  a  few 
seconds,  and  should,  if  possible,  be  evacuated  from  the  anterior  _ 
chamber  before  the   operation  is  proceeded  with.     This  cai 
usually  be    effected  by  gentle    pressure  with  the  end  of  tha] 
curette  upon  the  posterior  flap  of  the  woimd,  or  by  gently  strott-^ 
ing  the  cornea  from  below  upwards  with  the  back  of  tJie  s 
instrument.     If  the  bleeding  cannot  be  eto])pcd  by  these  tneani 
the  operation  must  be  proceeded  with.     Although  the  capsulv 
is  no,w  rendered  invisible  by  the  esisting  blood  in  the  ant«rio| 
chamber,  it  must  still  be  lacerated  with  the  cystitome,  and  IIh 
lens  removed  in  the  ordinary  way.   It  usually  happens  that  tlitl 
blood  escapes,  and  the  htemorrhage  ceases  with  the  removal  o 
the  lens. 

4.  Difficulty  in  removing  the  cataract. 
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a.  DUlocation  of  the  Ifma. — If  too  great  pressure  is  uia'le 
on  the  lens  in  lacerating  the  capsule,  and  oceus  ion  ally  without 
any  fault  of  the  operator,  the  suspensory  ligament  is  ruptured ; 
the  lens  may  then  immediately  sink  tack  into  the  vitreous,  or 
this  may  not  occur  until  pressure  is  made  with  the  view  of 
causing  it  to  present;  vitreous  at  the  eame  time  often  aj>- 
jiears  in  the  wound.  This  backward  dislocation  of  the  k'us 
is  one  of  the  most  serious  accidents  that  can  occur  during  a 
cataract  operation ;  not  a  moment  should  be  lost  in  passing  the 
large  scoop  (fig,  80)  into  the  eye  well  behind  the  presumed 
|xisition  of  the  lens,  and  attempting  to  extract  it  in  its  cap- 
Bole.  A  good  deal  of  vitreous  is  generally  lost,  but  if  the 
I  leas  is  extracted,  a  very  good  result  may  be  obtained. 
I  h.  Thn  wound  may  be  tov  eviall. — When  this  is  the 
ease  the  edge  of  the  cataract  may  be  seen  fa  present  between 
the  lips  of  the  wound,  whilst  tbe  remainder  refuses  to  come 
through.  Under  such  circumstances,  the  section  hiid  better  be 
enlarged  at  one  or  both  extremities  with  small  blnnt-endcfl 
scissors ;  by  making  extreme  pressure  on  the  globe,  the  con- 
tusion of  the  iris  and  cornea  in  the  region  of  the  wound  is 
liable  to  be  followed  by  inflammatory  trouble  ;  while  the  cor- 
hjical  portion  is  likely  to  be  scra[>ed  off  and  remain  in  the  eye 
endeavouring  to  squeeze  the  lens  through  too  small  an 
opening.  Sometime»  wlien  the  lens  appears  in  the  wound  dur- 
ing the  pressure  with  the  curette,  its  e«it  may  be  faciiilated 
by  gentle  leverage.  The  assistant  may  be  able  to  make  tnic- 
tion  ujKtn  it  by  means  of  the  cystitome.  or  a  small  hook. 

c.  The  aipHiile  ■miiy  he  incompletely  liiceratfd. — Ke're  the 
lens  does  not  present  at  all.  The  use  of  the  cystitome  must  l)e 
Mpeated. 

fi.  Ettcape  of  vitreous. — This  is  always  a  seriouH  eomplica- 
,  bnt  the  consequences  of  its  occurrence  will  depend  in  a 
Pfireat  measure  on  whether  it  occurs  before  or  after  the  extraction 
I  of  the  lenii.  The  presence  of  vitreous  in  the  wound  is  indicated 
[  by  the  appearance  of  a  perfectly  trans;)arent  viscid  fluid. 

,  If  it  occurs  before  the  extraction  of  the  lens,  it.  is  gene- 
I  rally  duo  either  to  the  counter-puncture  having  been  madf  too 
I  'far  from  the  cornea,  or  to  too  great  pressure  having  been  em- 
[  ployed,  cither  with  the  cystitome  or  with  the  eurctt)-  in  the 
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fourth  sliige.     If  the  vitreous  is  abnormally  fluid,  tliin  acts  as 
proliaposing  cause.     Howevtr  the  escape  is  caused,  all  pressui 
must  be  at  once  abandoned,  the  specuUiin  removed  and  a  lii 
retractor  (fig.  22)  substituted  for  it,  the  lens  should  then  be 
immediatelj  removed  with  the  scoop;  if  it  still  lies  in  its  cii]>- 
e»Ue,  the  latler  must  he  removed  with  it. 

The  scoop  (fig,  80)  is  ialroduced  through  the  wound,  and 
with  slight  liiteral  movements,  directed  downwards  and  sitghtlyj 
backwards,  so  as  to  insinuate  it  behind  the 
lens ;  when  it  has  reached  the  lower  edg« 
of  the  latter,  its  handle  is  slightly  depressed, 
and  it  ie  then  gradually  withdrawn,  with 
the  hope  of  bringing  out  the  cataract 
the  same  time.     In  case  of  failure  in  thii 

I  method  of  tracilon,  further  attempts  mm 

.be  made    so   long  as  the  cataract  can 
n  seen  through  the  cornea. 

/  A  b.    If  vitreous   follows   the   esatpe 

y  I  k  the   lens,   it   is   due   either  to   the    latter 

/     %aJ  having  been  expressed  too  suddenly,  to   a 

weak  posterior  capsule,  or  to  compression 
Catorart  scooj).  of  the  globe  by  contraction  of  the  ocular 
muscles.  Very  slight  spasm  of  these  toas- 
cles  is  liable  to  cause  evacuation  of  the  greater  jmrt  of  the 
vitreous  humour.  In  order  to  prevent  this  accident,  the  patient 
should  be  Itept  thoroughly  under  the  infiuence  of  the  aii«>»- 
thetic ;  the  retractor  should  either  he  held  forwards  by  the 
assistant  or  removed  altogether,  and  the  lids  then  sei>aiat«d  by 
the  surgeon's  fingers.  If  vomiting  occur  at  this  period,  the  eye- 
lids must  be  closed,  and  supi>orted  by  a  compress  of  cotton-woo) 
during  its  continuance.  The  treatment  to  be  followed  will  de- 
pend on  the  amount  of  vitreous  which  escapes.  If  this  is  con- 
siderable not  a  moment  should  be  lost  in  removing  the  speculum, 
closing  the  eyelids,  and  applying  the  pad.  If  only  n  swidl  bead 
presents  in  the  wound  separating  its  lips,  the  projecting  p«rt 
may  be  cut  away  with  ecisBors  ;  many  oiwrntors,  however,  prefer 
to  cloee  the  eye  at  once  and  trust  to  the  vitreous  failing  buck. 
The  losn  of  a  small  quantity  of  vitreous  is  not  n  serious  acci- 
dent, ill  fact  a  considerable  portion  may  escape  without  any 
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immrd'uite  ill  effects,  but  this  ia  oft#n  followed  at  a  later  date 
by  detachment  of  the  retina,  aud  consequent  loss  of  vision. 

Extraction  in  the  oapiole. — Some  surgeons  advwate  the  re- 
moval of  the  lens  in  its  capsule,  on  the  ground  that  by  doiug  so 
no  particles  of  lens  matt«r  can  remain  behind  to  set  up  irritation. 

Fagenitecher,  who  is  the  chief  supporter  of  this  operation, 
makes  a  large  incision,  either  upwards  or  downwards,  entirely 
in  the  sclerotic  about  1  mm.  from  the  cornea  ;  he  thea  excises 
a  large  piece  of  the  irit>,  and  finally  introduces  a  scoop 
Iiehind  the  capsule  of  the  lens,  and  removes  the  latter  by 
traction. 

XacsainvB  extracts  the  lens  in  the  capsule  without  per- 
forming an  iridectomy;  he  uses  a  large,  straight,  triangular 
keratome,  with  this  he  makes  a  large  incision  just  within  the 
margin  of  the  cornea  on  the  outer  side.  A  scoop  is  then  in- 
eert«d  through  the  wound  as  far  as  the  outer  edge  of  the  pupil ; 
having  reached  this,  its  handle  is  raised  so  as  to  bring  the  lower 
end  into  contact  with  the  capsule  of  the  lens.  The  scoop  ia 
DOW  slightly  withdrawn,  still  keeping  its  extremity  on  the  lens, 
but  BO  as  to  draw  open  the  pupil  far  enough  for  pressure  to  be 
made  on  the  edge  of  the  lens  with  the  rotmded  extremity  of 
the  scoop.  This  pressure  causes  the  lens  to  titt  over,  and  the 
ecoop  l>eing  thrust  onwards,  the  lens  comes  in  front  of  it,  and 
is  withdrawn  through  the  pupil  and  through  the  wound. 

Extraction  in  the  capsule  would  seem  to  be  most  suitable  for 
■uch  cataracts  as  are  sufficiently  advanced  to  interfere  serionBly 
with  nsion,  but  remain  for  many  years  in  an  immatiue  condi- 
tion. In  old  people  the  suspensory  ligament  is  viiry  weak, 
and  the  lens  can  consequently  often  be  extracted  in  lis  capsule 
without  the  introduction  of  the  scoitp. 

TIte  after  trealnient  and  remote  complicatioita  of  cataract 
extraction. — No  food  or  drink  should  bo  given  during  the  three 
hours  following  the  operutjon  ;  should  thirst  be  complained  of, 
the  patient  may  be  allowed  to  euck  u  small  lump  of  tee.  After 
tlmt  time  a  light  diet  of  heef  tea,  fish,  mid  farinaceous  food  may 
be  given.  After  tJie  first  day  ordinary  nourishing  diet  may  bu 
ordered.  Alcoholic  drinks  ore  not  necessary,  but  a  small  allow- 
unce  may  l>e  made  if  the  patient  cannot  sleep  without  it. 
^^^^     The  dressing!!  are  carefully  removed  twice  daily  ;  the  out* 
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sides  of  the  eyelids  are  gently  moistened  with  a  fine  sponge  or 
cotton  wool  and  tepid  water ;  the  lower  lid  may  also  be  tlightiy 
depressed  with  the  finger,  in  order  to  give  vent  to  aiiy  pent-up 
tears. 

On  the  third  day,  under  favourable  circumstances,  the 
patient  may  be  dressed  and  allowed  to  rest  for  a  few  hours  on  a 
couch,  or  on  the  outside  of  his  bed,  the  eyes  being  still  ban- 
daged, and  the  room  darkened.  After  the  flap  operation,  no 
esaminiitiou  of  the  wound  should  be  made  before  the  eighth 
day:  and  after  the  peripheral  linear  method,  the  eye  is  better 
when  left  alone  until  the  third  or  fourth  day.  On  the  twelfth 
day  the  bandage  may  be  replaced  by  a  large  black  shade  cover- 
ing both  the  eyes,  so  that  the  latter  may  be  well  protected  from 
direct  rays  of  bright  light. 

About  the  eighteenth  day  the  shade  may  be  substituted  by  ^ 
the  use  of  protective  spectacles  of  dark  neutral  tint.  About 
the  sixtieth  day  the  eyes  will  have  reached  the  maximum  of 
visual  acuteuess ;  they  may  then  be  tested  for  correcting 
glasses.  The  removal  of  the  crystalline  lens  has  rendered  J 
the  eye  exceedingly  h_vi)ermetrojiic,  and  has  destroyed  the  I 
power  of  accommodation.  The  patient  will  therefore  require^ 
two  pairs  of  convex  spectacles  for  the  purposes  of  distinct 
vision — the  one  to  render  the  eye  emmetropic,  which  wOl 
enable  him  to  see  all  distant  objects  clearly,  and  the  other  txi 
render  him  myopic,  so  that  be  may  be  able  to  read  smallj 
print,  or  to  do  fine  work  at  20  to  40  cm.  from  the  eyes.  Th^ 
strength  of  the  lenses  required  for  ihese  pur[K>fies  is  usualljh 
about  10 T)  .ind  14 D  respectively:  but  this  will  of  course  vuya 
with  the  refraction  of  the  eye.     {See  Refraction.) 

The  use  of  the   spectacles  should  be  gradually  &cquired,J 
commencing  with  about  half  an  hour's  practice  daily. 

The  slight  pain  arising  from  the  operation  usually  ceases  iftfl 
the  course  of  a  few  hours ;  its  disnpjiearance  is  always  a  favoui 
able  sign.     On  removing  the  dressings  during  the  first  few 
days   succeeding   the  oi>eratioD,  the   absence  of  pain  in  i 
around   the   eye,   of  any   ewelliiig   of   the   lids,   and   of  i 
muco-puB,  is  always  a  guarantee  that  the  eye   is  progressing 
favourably.     If  the  pain  should  reappear  towards  night,  and 
e  continuous  6o  as  to  reuder  the  patient  restless  and  un 
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comfortable,  some  sedative  (F.  28  or  29)  should  be  given,  in 
order  to  i)rocure  sleep. 

The  occurrence  of  severe  and  increaeinf/  pain  during  the 
first  few  days  after  the  operation  is  always  an  indication  of  some 
complication  in  the  process  of  healing,  and  is  suflSeient  to  justify 
an  immediate  esamination  of  the  eye.  The  lids  should  be  care- 
fully separated,  and  the  wound  and  other  parts  examined  by 
means  of  focnl  illumination  from  the  light  of  a  single  candle. 
We  may  thus  find  that  the  pain  is  simply  due  to  accumulated 
tears,  to  an  inverted  lower  lid,  to  the  presence  of  eyelashes 
within  the  pdj^ebral  aperture,  or  to  the  commencement  of  in- 
Butnmation. 

Iritis  is  an  extremely  common  complication  of  cataract 
eitmction  ;  if  an  iridectomy  has  formed  part  of  the  operation 
its  eflfects  are  less  injurious  than  in  the  old  flap  operation, 
where  it  was  the  cause  of  a  large  percentage  of  failures.  The 
most  usual  time  for  it  to  come  od  is  about  the  fifth  day  after 
the  operation.  Its  presence  is  indicated  hy  photophobia,  npdema 
of  the  lids,  pain,  and  chemosis;  there  is  also  copious  Inchryma- 
tion,  but  not  muco-purulent  discharge ;  the  cornea  may  b^ 
clear,  bat  the  aqueous  is  turbid,  and  the  iris  somewhat  changed 
in  colour.  In  such  a  case  a  few  leeches  ahonld  he  applied  to 
the  temple,  I  per  cent,  solution  of  atropine  dropj>ed  into  the 
eye  three  or  four  times  daily,  and  the  eyes  kept  constantly 

rvarm  by  a  large  pad  of  cotton-wool  over  the  closed  eyelids. 

B;Tbe  extent  of  the  damage  the  iritis  may  bring  about  will 
ehiefly  dei»end  upon  the  amount  of  plastic  exudation  thrown 
out  into  the  pupillary  area ;  the  amount  of  this  exudation  may 
be  so  great  us  to  cause  occlusion  of  the  old  pupil  and  of  the 
new  ono  formed  by  the  iridectomy ;  the  thick  membrane 
thus  cstnblii^hed  may  also  contract  and  draw  the  iris  u|>- 
Uiwurtls  the  cicatrix,  so  as  to  diminish  and  displace 
I  pupil.     ITie  inHammution  may  also  extend  to  the  rert  of 

itbe  uve-nl  tract,  netting  up  cyclitis  or  choroiditis,  which  may 

l.lead  to  complete  Ions  of  vision. 

Entamjlrmeitt  of  the  iri»  in  the  angles  of  tlie  wound  i»  not 

I  vncommon  where  iridectomy  has  been  performed.     It  is  indi- 

l.«ftted  by  the  presence  of  black   nodules  in  the  wound ;  these 

\.Mn  of  variable  magnitude,  and  may  be  so  estenrive  as  to  imiK-de 
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union,  aud  even  to  form  Bmall  cyeta  within  the  cicatrix.  The 
entangled  iris  may  also  cause  serious  trouble  by  drugging  upon 
the  wound  during  contraction ;  this,  again,  may  retard  the 
healing  process,  and  is  ofttn  the  cause  of  recurrent  iritiB.  It 
may  further  be  the  means  of  setting  up  plastic  irido-cycUlia  in 
the  operated  eye  ;  and  this,  as  we  have  seen  (p.  143),  may  extend 
to  the  second  eye,  and  so  set  up  eym.'pathetic  ophthalmiti». 

The  means  of  preventing  this  entanglement  of  iris  at  the 
time  of  operation  have  already  been  pointed  out  (p.  159) ;  some- 
times, however,  this  condition  BUj>ervene8  on  the  second  or 
third  day.  If  the  knuckle  of  iris  does  not  exceed  2  mm.  in 
diameter,  and  give  no  pain,  it  may  be  disregarded ;  when  larger 
than  this — and  especially  when  it  evinces  a  tendency  tx>  increase 
in  size,  and  to  cause  irritation  of  the  eye — an  attempt  must  be 
made  to  remove  the  prolapsed  portion.  This  must  be  seized 
with  forceps,  and  cut  off  level  with  the  globe  by  means  of  iris 
scissors.  The  eye  must  be  kept  closed  with  a  light  compre&s 
for  at  least  a  week  after  this,  in  order  to  iavour  the  consolida- 
tiijn  of  the  cicatrix.  Should  there  be  a  recurrence  of  the  pn*- 
lapse  after  the  operation,  it  can  be  lightly  touched  from  time  to 
time  with  nitrate  of  silver. 

Su}'ijju.Tali(ni,  is  atten<ied  by  violent  and  increasing  pain  in 
and  ajound  the  eye,  by  swelling  of  the  eyelids,  chemosis,  and  a 
copious  nraco-purulent  discharge.  It  may  commence  at  any 
time  during  the  first  few  days  following  the  extraction.  When 
the  lids  are  separated,  and  the  eye  examined  during  the  early 
stage,  the  ocular  conjunctiva  is  found  lo  be  distended  with 
serum,  the  cornea  is  hazy,  and  the  edges  of  the  wound  present 
it  greyish-yeliow  appearance,  indicating  the  formation  of  pas. 
Unless  this  process  can  be  immediately  checked,  it  will  extend 
to  the  whole  of  the  cornea,  to  the  tunica  vasculosa,  and  to  the 
vitreous,  thus  constituting  severe  panophtlialuiitis,  which  must- 
terminate  in  the  destruction  of  the  globe.  No  time  must, 
therefore,  be  lost  in  endeavoiuing  to  reduce  the  inflammation. 
The  eyelids  should  be  widely  separated,  and  the  discharge  well 
washed  away  with  warm  watur  four  or  five  times  daily  ;  After 
each  ablution  the  outsides  of  the  eyelids  and  surrounding  parts 
should  be  well  fomented  with  hot  water  fur  at  least  an  hour ; 
between  the  fomentations  the  lids  should  be  closed,  and  com- 
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pressed  with  a  disk  of  linen,  layers  of  absorbent  cotton -wool, 
and  a  bandage.  Good  nourishing  diet,  port  wine  or  brandy, 
quinine,  or  bark  and  ammonia,  should  be  given  internally,  with 
opiates  if  necessary.  By  these  means  the  affection  may  take 
on  a  less  destructive  form,  and  may  occasionally  be  arrested 
before  total  destruction  of  the  eye  has  taken  place. 

Intraoodar  hemorrhage  from  the  choroidal  or  retinal  ves- 
sels may  come  on  immediately  or  shortly  after  the  operation. 
Its  advent  is  marked  by  severe  pain ;  the  globe  is  seen  to  be 
filled  with  blood,  which  escapes  through  the  wound  and  oozes 
through  the  dressings.  Such  an  eye  is  sure  to  he  lost,  and 
may  require  immediate  excision  on  accouut  of  the  pain  and  the 
bleeding. 

Spasmodic  entropion  is  a  troublesome  complication  which 
is  apt  to  come  on  a  few  days  after  the  operation.  The  lax 
state  of  the  tissues  acts  as  a  predisposing  condition,  while  the 
oi)emtion  wound,  and  ijossibly  the  compressing  bandage,  excite 
contmctioD  of  the  orbicularis  muscle.  Unless  this  condition  is 
quickly  remedied,  the  irritation  set  up  by  the  inverted  lashsa 
of  the  lower  lid  brushing  against  the  cornea  is  very  likely  to 
lead  to  loss  of  the  eye. 

Tretitment, — Sometimes  it  is  sufficient  to  substitute  a  large 
shade  for  the  bandage  ;  if  this  is  ineffectnal  or  undesirable,  the 
lid  should  be  drawn  down,  and  the  face  just  below  the  eye  well 
covered  with  a  film  of  contractile  collodion.  If  this  fails — and 
it  seldom  does  if  properly  applied — a  fold  of  skin  must  be  at 
once  excised,  as  described  on  p.  18. 

Cyatoid  degeneration  of  the  cicatrix  may  occur  after  the 
peripheral  operation  with  iridectomy.  The  iris  is  usually  more 
or  less  entangled  in  the  wound.  It  is  usually  due  to  a  glau- 
Ltou3  condition  of  the  eye. 


Opaque  cape^Ue.     SeeoTidary  pupillary  viembrane. 


^^^^     If  the  anterior  layer  of  the  capsule  of  the  leni  haa  been  pro- 
H'^pwly  Inocnitcd,  u  large  t  riangular  gap  generally  remains ;  some- 
times, however,  owing  either  to  the  Uceration  having  been 
insufficient,  or  to  the  cai>aule  floating  back  over  the  pupil,  a 
layer  is  left  which  interferes  with  vision ;  Hometimes  the  <mi>- 
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flule  is  BO  ttaneparent  that  it  enn  only  be  seen 
f >cal  illumination ;  but  even  in  these  cases  it  causes  consider- 
able interference  with  vision,  probably  because  it  is  always 
slightly  wrinkled.  In  other  cases  the  capsule  forms  an  opa^^iie 
membrane,  which  can  be  distinctly  seen  with  the  naked  eye. 
Occasionally,  a  pupil  which  was  quite  clear  at  the  time  of  the 
operation  and  some  weeks  later,  subsequently  presents  a  capsn- 
lar  opacity ;  in  such  cases  it  is  probably  always  the  posterior 
capsule  that  is  in  fault. 

The  membranes  which  form  in  the  pupil  as  a  consequence 
of  iritis,  are  of  much  more  serious  im]iortance.  They  are 
generally  thick  and  t^ugh  ;  they  adhere  by  their  margins  to 
the  iris,  and  by  their  contmotion  tend  to  narrow  the  area  of  the 
pupil. 

Treatment. — No  operative  measures  must  be  had  recourse 
to  until  all  active  signs  of  inflammation  have  subsided. 

The  tine  membranous  opacities  formed  of  capsule  only,  can 
be  readily  torn  through  wifch  cataract  needles;  for  this  purpose 
two  needles  should  always  be  used,  and  the  opening  made  by 
tearing  from  the  centre.  When  it  was  the  custom  only  to  employ 
a  single  needle,  some  traction  was  necessarily  made  upon  the 
ciliary  attachment  of  the  capsule,  and,  as  a  consequence  of  this, 
inflammatoiy  symptoms  frequently  followed.  To  Sir  William 
Bowman  is  due  the  credit  of  having  suggested  the  simple 
expedient  of  using  two  needles,  and  thus  avoiding  this  risk. 

For  the  tougher  membranes  formed  by  lymph,  or  lymph 
and  capsule,  needling  is  not  sufficient;  in  the  first  place,  it  ib 
difficult  in  such  a  case,  even  with  two  needles,  to  avoid  making 
some  traction,  and  if  inflammatory  symptoms  follow,  the  open- 
ing made  generally  gets  closed  by  fresh  lymph.  By  far  the 
most  efi'ectiial  ]iroceeding  is  to  divide  the  membrane  and  the 
iris  with  scissors.  This  operation  is  called  iridoUymy,  and  is 
described  on  p.  163. 

Lislooation  of  the  orystalllne  leni  mny  be  congenital,  tspon- 
taneouB,  or  traumatic,  ^yhen  coiiffenilal  it  is  due  to  irregular 
or  imperfect  closure  of  the  choroidal  fissure,  and  to  deficieDC| 
formation  of  the  suspensory  ligament;  the  luxation  is  U8iuiliy 
partial,  in  the  upward  and  outward  direction,  and  generally 
occurs  in  both  eyes.    When  spontaneous  it  is  usually  the  resuUli 
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of  pathological  degeneration  of  the  vitreouB  humour,  and  of  the 
BUPpenaory  ligament.  It  is  more  commonly  found  amongst 
diseases  in  which  these  structures  are  known  to  be  affected,  as 
in  sparkling  aynchisis,  high  degrees  of  myopia,  staphyloma  of 
the  ciliary  region,  &c.  When  trainnnllc  it  is  usually  the  result 
of  a  contusion  of  the  globe,  which  has  caused  rupture  of  the 
suspensory  ligament. 

The  siimptoma  vary  with  the  extent  of  the  displacement. 

In  partial  dialocalion,  by  using  the  ophthalmoscope  mirror 
(p.  255),  the  edge  of  the  lens  can  be  seen  as  a  narrow  dark  line, 
slightly  curved,  crossing  the  peripheral  jmrt  of  the  pupil.  The 
appearance  presented  by  the  lens  margin  is  quite  unmistakable, 
and  is  diagnostic  of  dislocation  of  the  lens,  as,  even  in  extreme 
dilatation  of  the  pupil,  it  can  never  be  seen  when  the  lens  is  in 
aitii  (vidf  figs.  1  and  2,  opiwsite  p.  250).  With  focal  illumina- 
tion (p.  70)  the  lens  can  often  be  distinguished  by  a  sort  of 
greyish  opalescence.  When  the  displacement  la  such  that  the 
edge  of  the  lens  extends  to  the  visual  field,  the  symptoms  are  more 
numerous  and  pronounced.  The  surface  of  the  iris  is  seen  to  fee 
irregular,  one  part  being  more  or  less  bulged  forwards  towards 
the  cornea,  whilst  the  remainder  tsdepressed ;  this  depressed  por- 
tion may  also  be  tremulous  when  the  eye  is  moved.  The  patient 
oflen  complains  of  monociilar  diplojiia.  The  visual  acuteness 
is  also  greatly  imjiaired,  the  oblique  [>osition  of  the  lens  having 
producpd  irregular  astigmatism,  which  cannot  be  corrected  by 
spectacles.  The  power  of  accommodation  is  very  defective. 
When  the  pupil  is  fully  dilated  wtth  atropine  it  is  often  found 
that  by  using  n  stennpaVc  disc  the  double  vision  of  the  eye  i^ 
disperses],  and  that  the  vision  is  different  when  the  slit  is  held 
in  front  of  (he  partly  dislocated  lens  from  that  which  is  obtained 
when  it  is  held  in  front  of  the  part  where  the  lens  is  absent ; 
In  tiie  Utter  position  the  eve  is  found  to  be  highly  hy|>er- 
metropic.  On  examining  the  fimdus  with  the  opbtbalmo- 
scoiM!,  either  by  the  direct  or  indirect  method,  two  images  of 
the  optic  disc  and  retinal  vesaels  Hre  scon ;  this  phenomenon, 
aa  well  as  that  of  the  mnnuculHr  diplopia,  is  explained  by  the 
fnct  that  the  rays  passing  through  the  lens  and  those  pasaing 
outride  it  have  different  foci. 

Jii  compUtt  dialocation  the  lens  falls  either  iMckwards  iulo 


SM 


OX  THE  CRYSTALLIXE  LEXS. 


the  vitreous  or  forwards  into  the  anterior  chamber.  In  di 
cation  into  the  vitreoiis  this  substitnce,  being  more  liquid  than 
normal,  allows  the  lene  to  sink  to  the  bottom  of  the  chamber. 
In  this  new  position  it  gratJually  becomes  opaque ;  hy  focal  illu- 
mination it  may  sometimes  be  seen,  and  with  <he  opbthalmo- 
Bcope  it  appears  as  a  dark  floating  mass  at  the  bottom  of  the 
cavity  when  the  eye  is  moved.  The  iris,  having  lost  the  sup- 
port of  the  lens,  fells  somewhat  backwards,  and  undergoes  a 
tremulous  motion  when  the  eye  is  moved.  The  refractive 
condition  of  the  eye  is  the  same  here  as  it  is  aft«r  caturact 
extraction. 

In  dislocation  into  the  anterior  chamber  the  lens  in  its  cap- 
sule passes  forwards  through  the  pupil  and  becomes  wedged 
between  the  iris  and  the  back  of  the  cornea.  The  appearance 
presented  by  the  transj>arent  lens  in  the  anterior  chamber  is  that 
of  a  drop  of  oil.  The  iris  is  pushed  backwards,  the  pupil  some- 
what dilated;  the  refraction  is  myopic  (unless  the  lens  rinke 
to  the  bottom  of  the  chamber,  when  the  refraction  will  be  the 
same  as  after  catarai^t  extraction),  and  the  power  of  accommo- 
dation abolished.  The  lens  may  remain  for  some  time  in  tbe 
anterior  chamber  without  becoming  oi»aque,  and  without  causing 
pain ;  as  a  rule,  however,  it  gradually  becomes  opaque,  is  at- 
tended with  pain  in  and  around  the  eye,  and  with  more  or  lem 
severe  plastic  inflammation  of  the  iris. 

When  dialocation  arises  from  an  injury  it  is  frequently 
accompanied  by  other  lesions,  such  as  rupture  of  the  choroid 
and  of  the  sclerotic ;  htemonhage  may  also  take  place  either 
into  the  fundus,  or  into  the  anterior  chamber,  or  both.  Some- 
times the  lens  escai>es  from  the  globe  altogether  through  a 
wound  in  the  sclerotic,  and  may  be  discovered  beneath  the 
ocular  conjunctiva. 

Treatment. — 1.  When  the  Inxation  is  partial  the  treatment 
which  should  be  adopted  will  depend  on  the  amount  of  displnce- 
ment  and  the  interference  with  vision.  When  vision  ia  not 
much  impaired,  and  the  lens  always  remains  in  the  same  peti- 
tion, no  treatment  is  advisable.  These  [lartial  luxations,  how- 
ever, often  become  complete,  the  lens  falling  forwards  into  the 
anterior  chamber  or  backwards  into  the  vitn-ous. 

When  the  displaced  lens  is  transparent  and  its  position  per- 


I 

I 
I 


DIHLOCATIOX— TREAT M EXT.  2^5 

manent,  but  vision  is  seriously  interfered  with,  some  improve- 
ment m«y  sometiraes  be  oblained  by  making  an  artificial  pupil 
in  the  direction  towards  which  the  lens  is  displaced ;  the  re- 
sults, however,  are  uncertain,  and  Bpt  to  be  disappointing. 

When  the  lens  is  opaque,  and  in  a  young  subject, an  attempt 
may  be  made  to  get  rid  of  it  by  needling ;  but  in  a  person  over 
thirty-five  it  had  belter  be  extracted  by  the  method  of  Graefe 
(I..  267). 

2.  When  the  disloaation  is  compUte  the  lens  is  useless,  and 
its  presence  is  liable  to  cause  an  attack  of  glaucoma ;  hence  its 
removal  should  be  undertaken  when  this  can  be  done  without 
much  risk.  The  removal  of  the  lens  is  especially  indicated  in 
cases  in  which  inflammatory  symptoms  liave  already  apj)eared. 
I'aforfuuately,  the  removal  of  the  lens  from  the  Wtreousinvohes 
so  gi'eat  a  loss  of  that  fluid,  while  the  difficulty  in  extracting 
the  lens  is  so  great,  that  the  operation  can  hardly  be  said  at 
liresent  to  come  within  the  sphere  of  practical  surgery,  and  it 
is  (jctter  in  such  a  case  to  enucleate  the  eye. 

When  the  lens  lies  in  the  anterior  chamber  it  may  be  re- 
moved either  by  needling  and  solution  or  by  linear  extraction  ; 
the  former  metluxts  are  only  adapted  for  cliildren.  It  may  be 
necessary  to  remove  the  capsule  later;  this  can  be  done  by 
seizing  it  with  fine  forceps,  introduci^  through  a  small  wound. 

In  |)erfomiing  linear  extraction  in  these  eases,  it  should  be 
remembered  that  there  is  usually  no  separation  between  the 
nifueous  and  vitreous.  One  serious  diflicultyof  the  operation  is 
the  liability  of  the  lens  to  slip  back  into  the  vitreous  chamber ; 
hence  it  is  generally  desirable  to  have  the  pupil  contracted  by 
eserine,  and  to  fix  the  lens,  by  s  needle  passed  through  the 
cornea,  while  making  the  incision. 
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CHAPTER   XII. 

ON  THE   VITMEOUS  HUMOUR, 

The  vitreous  body  or  humour  is  the  transparent  jelly-like  sub- 
stance which  occupies  the  whole  of  that  part  of  the  globe  which 
lies  behind  the  lens  and  its  suspensory  ligament.  The  crystal- 
line lens  rests  in  a  depression  on  its  anterior  surface,  and  the 
attachment  of  the  vitreous  to  the  posterior  capsule  is  firmer 
than  elsewhere.  Traversing  the  vitreous,  from  the  optic  ner\'e 
to  the  middle  of  the  posterior  capsule,  is  a  canal  of  about  2  mm. 
diameter — the  hyaloid  canal.  The  consistence  of  the  vitreous 
gradually  becomes  less  firm  as  age  advances ;  in  adult  life  it  is 
a  viscid  fluid,  somewhat  more  tenacious  than  the  imcoagulated 
white  of  egg.  Its  index  of  refraction  is  1*337,  and  therefore 
identical  with  that  of  the  aqueous  humour. 

The  vitreous  is  considered  by  some  authorities  (Klein)  to 
be  inclosed  in  a  distinct  hyaloid  me/nbrane ;  but,  according 
to  Iwanoff,*  this  is  identical  with  the  membrana  limitans 
interna  of  the  retina,  and  is  consequently  in  relation  with 
the  vitreous  only  so  far  as  the  retina  extends — that  is,  as  far  as 
the  ora  serrata.  From  this  j)oint  it  is  continuous  with  the 
pars  ciliaris  retina*,  and  here  meridionally  running  fibres  are 
found  between  it  and  the  vitreous,  which  form  the  zonule  of 
Zinn,  or  suspensory  ligament. 

Structure, — When  hardened  in  chromic  acid,  or  by  freezing, 
the  vitreous  shows  a  tendency  to  split  into  concentric  layers 
in  its  peripheral  portions,  while  the  central  part  shows  a  less 
marked  radial  striation.  The  lamelhe  thus  formed  do  not, 
however,  as  far  as  is  known,  correspond   with  any  stnictunil 

*  Strieker's  Handbook  of  Hittology^  vol.  iii.  p.  316.     New  Syd.  Soo. 
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arrangement  of  the  solid  constituents,  altliough  it  was  formerly 
thought  that  such  was  the  ease.  In  the  reccint  state  wo  lind  a 
jierfectly  clear  bomogeneous  matrix  containing  a  few  character- 
istic  vitreocs  cells ;  these  are  of  a  roundish  shape,  somewhat 
larger  than  white  blood  corpuscles,  and  contain  one,  two,  or 
three  perfectly  transparent  vesicles  which  nearly  till  up  the 
cavity.  In  the  peripheral  portions  of  the  vitreouB,  stellat«  and 
fusifomi  cells  are  also  found,  which  contjiin  similar  round  trans- 
parent vesicles.  The  outline  of  the  cells  can  be  made  more 
apparent  if  u  portion  of  recent  vitreous  is  stained  in  a  weak 
solution  of  logwood.  If  examined  on  the  wunn  stage  these 
vitreous  cells  are  found  to  undergo  amcebiform  movements. 

Hascffi  Tolitantea. — Under  ordinary  conditions  the  cells  which 
float  in  the  vitrtoua  do  not  give  rise  to  any  visual  sensation, 
although  shadows  must  be  thrown  by  them  ujwn  the  retina. 
This  is  probably  because,  in  the  first  place,  the  mind  is  accus- 
tomed to  disregard  them ;  and,  secondly,  the  shadows  are 
much  less  defined  than  the  images  of  external  objectti.  If, 
however,  the  light  enter  the  eye  in  an  unaccustomed  manner, 
as  when  a  strongly  diverging  pencil  of  rays  is  employed,  as  is 
the  case  in  looking  through  a  pin-hole  aperture  held  close  to 
the  eye,  they  become  visible,  eBi»ecially  if  the  eye  be  directed 
to  a  large  white  surface,  such  as  a  white  cloud,  so  that  there 
are  no  otlier  retinal  images  with  which  to  comi»are  them. 
Occasionally,  owing  either  to  hy]»erBe8theBia  of  the  retina,  or 
to  an  error  of  refraction  which  impairs  the  detinition  of  the 
retinal  images  of  all  objects,  the  shadows  of  the  vitreous  cells 
become  visible  by  ordinary  light,  and  then  constitute  the 
troublesome  svmptom  known  as  muscie  volitantes.  In  this 
condition  the  vision  is  unimpaired,  but  the  jtatient  is  often 
mnch  alarmed  by  the  musete,  whicb  he  looks  upon  as  an  indi- 
ration  of  impending  blindnetts.  fn  reality  they  are  of  no  im- 
(jorrance  whatever,  except  in  so  6u-as  they  indicate  the  necessity 
of  examining  for  any  errors  of  refraction,  and  improving  the 
general  condition. 

Opuitiet  in  tlw  Titreoof  may  be  floating  or  fixed.  The  free 
opacities  are  ucually  multiple  and  of  small  size,  while  thetixcd, 
which  are  less  common,  are  nmre  often  single,  and  assume 
the  form  of  a  membrune.    Both  forms  are  u&ually  due  to  the 
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exudation  of  inflammatory  material,  and  are  generally  second- 
ary to  disease  of  the  ciliary  body  or  choroid.     Cases,  however, 
are  frequently  seen  in  which  no  cause  whatever  can  be  found  1 
for  the  opacities. 

In  order  to  ascertain  if  there  are  any  opacities  in  the  vitreoai  I 
the  plane  mirror  should  be  employed ;  if  this  be  held  at  s  I 
distance  of  8  or  10  inches  from  the  eye,  and  the  patient  moves  'I 
the  latter  successively  in  different  directions,  any  0|iaeitie8  ia  I 
the  vitreous,  unless  they  are  extremely  minute,  will  come  into  1 
view ;  if  not  seen  by  this  method  the  mirror  should  be  held  I 
quite  close  to  the  eye,  and  convex  lenses  nf  gradually  incTcas*  J 
ing  strength  be  placed  behind  it,  so  that  different  parts  of  lh«  I 
vitreous  are  successively  brought  into  view,  from  the  deejwr  to  I 
the  more  superticial  layers.  If  the  examination  be  conducted  f 
in  this  manner,  the  presence  of  vitreous  opacities  can  hardly  be  | 
overlooked. 

Floating  opacities. — These  are  usually  of  very  small  size,  but  I 
occasionally  there  are  mixed  with  the  smaller  ones  a  few  of  larger  I 
size,  which  are  probably  formed  by  their  coalescence ;  the  lAtt«r  J 
always  appear  black  when  viewed  with  the  ophthalmoscope,  bfr-  I 
cause  they  intercept  the  light  reflected  from  the  fundus;  but 
if,  as  occasionally  hap]»enB,  an  ojmcity  is  sufBciently  far  forwards 
to  be  seen  by  focal  illumination,  it  appears  white  or  greyish. 

The  fixed  membranoiia  opacitira  usually  present  sufficient 
surface  to  reflect  light  thrown  into  the  eye,  and  so  ai>pear 
white  ;  they  are  much  rarer  than  the  small  floating  opacities,  1 
of  which  they  are  probably  in  many  instances  a  further  devclup-  I 
inent.     Occasionally  vessels  can  be  seen  running  on  them  for  a  i 
short,  distance. 

Ojmcities  of  the  vitreous  are  met  with  in  the  following  con- 
ditions. In  myopia,  of  high  degree  complicated  n-itk  posterior  I 
sclero-ckoroiditia  we  frequently  find  floeculi  floating  about  in  1 
the  nnnatunJIy  fluid  vitreous ;  they  are  usually  few  in  numtwr ; 
as  a  rule  they  do  not  interfere  greatly  with  vision,  and  neyl  not  ] 
give  rise  to  much  ansiety;  but  should  they  be  numerous  1 
and  the  vision  much  im]>aired,  a  guarded  prognosis  rnDstl 
be  given,  as  this  condition  may  be  the  forerunner  of  det»cfa»] 
ment  of  the  retina.  In  choroiditis  where  the  pigmeutnry  1 
Isyvr  of  the  retina  is  thick,  the  appearance  of  numerous  floating  I 
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opaoities  in  the  vilreoua  ia  sometiines  the  only  synipfom  of  the 
inflammation.  In  severe  choroiditis  and  cjclitis  membranous 
opacities  occasionally  form,  nhich  completely  prevent  any  reflex 
being  obtained  from  the  fundus,  Syphilitic-retino-choroiditis 
has  already  been  mentioned  (p.  138)  as  being  accompanied  by 
fine  '  dust-like'  opacities  in  the  vitreouN. 

Degenerative  changes.— Abnormal  flnidity,^<)cL-aHioDaUy>  in 
old  perflotis,  the  vitreous  becomes  unnaturally  fluid  without 
any  other  morbid  change  being  aji]t;irent  in  it ;  unless  there 
are  floating  opacities  also,  this  condition  cannot  be  diagnosed, 
but  its  presence  may  complicate  the  operation  of  cataract  ex- 
traction by  predisposing  to  an  escape  of  vitreous. 

Bynchlus  icintillaiu  is  the  tenn  applied  to  a  variety  of 
softening  of  the  vitreous,  in  whieh  a  number  of  brilliant  float- 
ing particles  are  observed.  When  the  ophthalmoscope  is  used 
ihey  look  like  floating  Kpheres  or  discs  of  gold  moving  in  all 
direction)*.  They  are  extremely  numerous  in  the  anterior  layers 
of  the  vitreous.  When  the  pupil  is  dilated  they  can  be  seen 
by  the  oblique  focal  illumination,  as  well  as  by  the  ophthal- 
moscope. On  careful  examination  two  kinds  of  particles  may 
be  sr-en ;  the  one,  Rmall  and  white,  comjHised  of  tyroain ;  the 
other,  larger  and  more  lustrous,  consisting  of  choUeterin.  The 
vitreous  is  usually  rendered  so  opuque  by  the  existence  of  these 
hollies  that  no  detail  of  the  fundus  beyond  can  be  obtained. 
The  affection  is  mostly  observed  iu  old  people.  It  may  exist 
for  some  time  without  eaustng  great  visual  trouble. 

Toreign  bodlM  occaaionally  lodge  in  the  vitreous,  although 
more  often  they  are  cither  arrest*^  in  the  lens,  or  jiass  right 
through  the  vitreous  chamber.  The  crystalline  lens  also  may 
be  di»located  backwards,  and  so  act  us  a  foreign  body.  When 
penetrating  the  eye  from  without,  the  foreign  body  is  usually 
mrroiinded  iu  a  few  hours  by  cloudy  opacity,  which  may  become 
orgaoiBed  into  a  cyst-like  casing:  when  thus  encysted  it  may 
be  tolerated  for  an  indefinite  period  without  pain,  and  even 
the  vision  may  be  to  a  great  ext«nt  restored.  As  a  rule,  how- 
ever, uo  such  favourable  condition  is  arrival  at,  hut  wc  find 
one  of  tJie  following  conditions :  ( 1 )  Inflammation  and  abscess 
of  the  vitreous;  (2)  lucalitwd  inflammation,  followed  by  con- 
'inction  of  the  vitreuuji  and  detachment  of  the  retina,  with  final 
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atrophy  of  the  whole  globe;  (3)  acute  iaflumuiation  of  the 
vitreous  may  spread  to  the  Burrounding  parts,  causing  panopli- 
tbalntitis;  (4)  the  foreign  body  may  uot  be  fixed  or  encysted, 
but  may  remain  for  some  time  visible  and  movable  in  tlie 
vitreous  cavity:  and  whilst  in  this  condition  it  may  bring  on 
a  glaucomatous  attack  in  this  eye,  or  it  may  produce  aympa- 
thetic  inflammation  in  that  of  the  opposite  side. 

The  trentment  must  vary  with  the  position  of  the  wound, 
and  the  presence  of  other  compliciitions,  such  as  ha?morThage, 
wound  of  the  lens,  itc.  The  danger  of  sympathetic  trouble  in 
the  other  eye  is  of  such  magnitude  that  it  is  imperative,  either 
to  remove  the  offending  particle,  or  to  enucleate  the  eye  con- 
taining it. 

The  elect ro-Tiutgiiet.^When  the  foreign  body  consistn  of  a 
portion  uf  iron  or  steel,  the  electro-magnet  is  frequently  found 
to  be  of  great  service  in  its  removal  from  the  vitreous  cavity  an 
•well  as  from  the  crystalline  lens,  the  iris,  and  other  parts  of  the 
eye.  The  practical  utility  of  this  instrument  has  been  amply 
proved  during  the  last  few  years  in  the  practice  of  Snell,' 
Hirachberg,  McHardy,  Bradford,  and  others.  The  instrument 
(fig.  81)  consists  of  a  core  of  soft  iron,  around  which  is  placed 
a  coil  of  iuRuiated  copper  wire ;  the  whole  being  inclosed  in  an 
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Fig.  ei.  — SneUa  KiecLn>-ui»gncl.' 


ebonite  case.  At  one  end  are  two  screws  to  receive  battery  I 
connections,  at  the  other  end  the  core  of  the  magnet  project«  j 
in  such  a  manner  that  either  of  the  needles  represented  in  the  I 
figure  can  be  screwed  into  it.  The  cases  in  which  the  electro-  ' 
magnet  has  been  employed  most  successfully  are  recent  acci- 
dents, but  several  are  recorded  in  which  a  good  result  was  ob- 
tained even  after  a  lapse  of  a  considerable  interval.     In  reeeni 

'  See    TAf    I-UtujtTo-niognft    (it    Opktkalmfe    Suryrrg,   liy   8iii)eoD    Smll. 
I.tmilc)D,  lS8a. 

»  Mude  by  Mewrn.  Ciihlny  nnit  I'teaton,  lligli  Street.  Kliomeld. 
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«ase8  it  will  generally  be  well  to  introduce  the  point  of  the 
instrumeDt.  through  the  original  wound,  but  it  will  sometimes 
be  advisable  to  make  a  fresh  incision,  »s  being  more  con- 
veniently situated  for  reaching  and  removing  the  fragment ; 
in  the  older  cases  a  new  puncture  will  be  required. 

If  the  particle  be  visible,  either  with  the  ophthalmoscope  or 
by  focal  illumination,  the  needle  of  the  electro-magnet  may  be 
advanced  up  to  the  chip,  and  the  circuit  completed  when  the 
point  of  the  instrument  is  in  close  proximity  to  it.  For  dia- 
gnostic purposes,  also,  the  electro-magnet  is  of  service.  For 
instance,  if  a  body  be  det<?cted,  but  its  nature  uncertain,  and 
on  the  approach  of  the  electro -mag  net  to  the  outside  of  the  eye, 
it  is  noticed  to  quiver  or  alter  its  position,  its  character  is  thns 
rendered  evident.  The  electro- magnet  may  for  this  purpose  be 
used  without  a  needle  attached,  employing  in  this  manner  an 
instrument  of  considerable  power.  A  delicate  suspended  mag- 
netic needle  also,  held  over  the  eye,  in  some  cases  iu  which  the 
presence  of  a  foreign  body  in  the  interior  of  the  globe  is  doubt-  , 
ful,  by  its  movements  sometimes  affords  aid  in  diagnosis.  The 
contained  particle  should  previously  be  magnetised  by  holding 
■n  electro-magnet  in  contact  with  the  globe  for  a  time. 

When  the  object  can  be  Been  to  occupy  the  floor  of  the 
fundus  at  some  distance  behind  the  lens,  an  attempt  may  bf 
made  to  remove  it  by  an  incisioD  tlirough  the  selenitic  choroid 
and  retina  at  the  lowest  part  uf  the  globe ;  after  the  incision, 
the  foreign  IxMly  may  present  in  the  wontid,  and  can  then  be 
removed  with  forceps.  When  the  particle  i*  in  I  be  anterior 
port  of  the  vitreous,  near  the  lens,  the  latter  had  bett^ir  be  re- 
moved in  the  manner  recommended  for  the  extraction  of  cataract 
(p.  267) ;  the  foreign  body  may  then  follow  the  lens  in  the 
direction  of  the  wound,  and  so  com«  within  reach  of  the 
fto'cepe. 

Cjitioereu  is  occajiionally  found  in  the  vttreotu  in  Uermany, 
but  in  thiii  coimtry  it  ia  almost  unknown.  It  is  generally  deve- 
loped beneath  the  retina,  and,  after  having  perforated  that 
membrane,  projects  into  the  vitreous.  When  the  media  are 
clear,  the  parasit4j  can  be  seen  with  the  ophthalmoMCojic  as  a 
bluish-white  semi-Iran  spare  ut  cyst;  it  moves  about  with  the 
.<)Ughte>it  deviation  of  the  eye,  and  possesscn  corlnin  undulating 
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movements  of  its  own.  Its  presence  is  usually  followed  by  loss 
of  the  eye,  which  becomes  disorganised  and  atrophied. 

Pseudo-glioma  has  been  already  referred  to  (p.  202). 

HflBmorrhages  into  the  vitreous  are  usually  caused  by  injury, 
as  a  direct  blow  or  wound  of  the  eye,  or  by  concussion  propa- 
gated through  the  skull.  Occasionally  they  are  idiopathic,  and 
then  the  extravasation  is  from  the  choroidal  or  retinal  vessels. 

Symptama. — The  hsemorrhages  announce  themselves  by 
partial  or  total  darkening  of  the  field  of  vision ;  this  may  come 
on  gradually,  or  occur  suddenly.  The  extravasations  can  usually 
be  seen  with  the  ophthalmoscope,  and  frequently  also  by  the 
oblique  focal  illumination. 

They  often  disappear  in  the  course  of  a  few  weeks,  but  more 
frequently  are  followed  by  pigmented  floating  opacities. 


CHAPTER   XIH. 


oy  QLAVCOMA. 


I  Glaitoma  w  the  mime  given  to  the  group  of  symptoiiis  caused 

by  an  excesB  of  intro-ocular  tension.     It  is  essentially  a  disease 

of  advanced  life,  seventy  per  cent,  of  the  cases  occurring  in  thow- 

who  ore  over  fifty.     A  large  pri>jN)rtiou  of  glaucomatous  eyes 

I  (fifty  to  seventy-five  per  cent.)  are  found  to  be  Uypennc tropic. 

j  When  it  occurs  independently   of  any  other  affection   of  the 

I  «ye,  it  is  called  priinaiy;  when  it  is  caused  by  pre-eiisting 

[  eye  disease,  it  is  known  as  Mecondari/  glaucoma. 

Primary  glancoma  occuiti   in  every  degree  of  severity,  and 

varies  exceedingly  in  its  rate  of  progress ;  it  may  be  so  acute  ns 

tu  terminate  in  total   blindness  in  the  course  of  twenty-four 

boure,  or  so  chronic  as  tu  go  on   for  months,  and  even  yeara, 

before  arriving  at  this  condition.     It  is,  however,  alwaya  pro- 

gresHive,  unless  checked  by  remedial  measures. 

TA*  ayniptitvis  may  be  divided  into : 

i.  Those  which  are  premonitory. 

2.  Those  which  accompany  the  actual  attjick. 

Premonitory  sympUrms  are  seldom  wanting,  although  they 

are  firequently  unheeded  by  the  [mtient  until  the  true  onset  of 

I   thij  attack.     One  of  the  i^arlieat  is  the  rapid   impairment   of 

I  aoommodation — rapidly  increaaing  presbyopia.     The  patient 

has  been  unable  to  read  small  print  (No.  U'5  Snellen)  without 

s)>ectacles  of  greAter  strength  than  should  be  re()uire<I  at  his 

age  (gee  Refraction ),  and  has  found  it  necessary  to  increase  the 

strength  of  the  latter  fierhaps  srvsml  limes  in  the  courae  of  a 

few  months.     All  artificial   lights,  such  as  the  gas  or  candle 

flame,  have  at  times  been  Hurrotmded  by  n  linio  of  brightneM, 

or  by  coloured  rainbow-like  rings.     In  some  cases  the  patient 
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complains  of  cloudiness  of  sight,  which  he  describes  as  '  fog,'  or  1 
'  mist,'  before  the  eyes.  This  is  not  always  present,  but  cornea 
and  goes  at  intervals  ;  it  is  more  likely  to  supervene  after  pro- 
longed use  of  the  eyes,  and  is  therefore  more  common  at  night 
than  in  the  morning.  Occasionally  the  patient  may  find  him- 
self in  total  darkness  for  several  seconds  from  sudden  fiiilme  of 
vision. 

Of  the  symptoms  whicli  accompany  the  actual  attack,  the 
most  important  are : 

1.  Increased  intra-ocular  tension. 

2.  Cupping  of  the  optic  disc. 

3.  Limitation  of  the  risual  field. 

4.  Dilatation  of  the  pupil. 

5.  Pain  and  other  symptoms. 
1.  Intraocular  tension  is  always  increased;  in  fact,  this   i 

symptom  is  pathognomonic  of  the  disease.     In  urder  to  aacer-  j 
tain  the  degree  of  tension,  the  patient  should  be  directed  to 
look  towards  the  floor,  whilst  the  head  is  retained  erect ;  the 
upper  part  of  the  globe  is  thus  brought  well  forward,  so  that  it 
can  be  reached  by  the  tips  of  the  surgeon's  two  index  fingers, 
and  so  eioimined  by  gentle  pressure  through  the  upper   lid. 
Considerdble  practice  in  this  palpation  is  necessary  before  the 
tactus  eruditus  can   be  acquired ;  the  affected  eye  Bhould  be   I 
compared  with  the  other,  and  with  the  normal  eye  of  anothef  I 
person.     The   following  method  of  indicating  the  amount  of  J 
intra-ocular    tension    (Bowman)   is    now    almost    umversally  | 
wlopted : 

T)i,  nortoal  tension. 

T  +  ?  tension  probably  increased. 

T+1  tension  perceptibly  increased. 

T+  2       „        increased,  but  the  globe  can  be  dimpled. 

T-f  3       „       increased  so  much  that  the  globe  cannot  he 
dimpled  (stony  hardness). 

T— ?       „        probably  diminished. 

T— 1       „       certainly  diminished. 

T— 2       „        much  diminished. 

T— 3       „        very  much  diminished  (globe  flaccid). 
The  increase  of  tension  is  almost  in  direct  proportion  to  I 
the  severity  of  the  disease  ;  in  the  most  Route  cases  it  is  tuwUljp 
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very  high  fT= +2  or  +3);  in  the  subacute  forma  it  is  less  in- 
tireased  (T=  +1  or  +  '2);  aiut  in  the  ciironic  varieties,  it  may 
he  only  slightly  augmented  (T=  +  1'+  1  or  +2). 

2.  Ciippitig  of  the  optic  disc  is  not  present  in  the  earlier 
stage  of  glaucoma,  but  is  ulways  found  where  increased  intra- 
oculai-  tension  has  existed  for  some  time.  The  dejith  of  the 
flip  is  very  variable ;  it  is  more  marketl  in  [arsons  under  fifty 
than  in  those  above  that  age.  Its  floor  presents  a  bluish-white 
appearance ;  this  is  most  pronounced  in  advanced  eases. 

The  cupping  can  be  best  seen  by  the  direct  method  of  oph- 
thalmoscopic examination  ;  but  atropine  must  on  no  acconnt 
l>e  used  to  dilate  the  pnpil,  as  this  invariably  aggravatea  the 
nymptoms.  Examined  in  this  way  the  cupped  disc  presents 
the  appearance  represented  in  fign.  1  and  2,  on  the  opposite 
l>age;  they  are  taken  from  two  cases  of  chronic  primary 
glaucoma,  tig.  I  being  motlerntely,  and  fig.  2  considerably  ad- 
vimced,  In  both  cases  it  will  be  seen  tliot  the  vessels  situated 
ill  the  edges  of  the  disc,  which  is  now  in  focus,  are  quite 
clear,  and  appear  to  make  a  distinct  curve  on  to  the  retina, 
whilst  those  situated  within  the  area  of  the  disc  are  somewhat 
bltirred  and  indistinct;  in  order  to  bring  the  latter  int«  view, 
it  will  be  necessary  to  interiKwe  one  of  the  concave  lenses  of 
the  o[>htlmlmoscope,  the  strength  of  the  lens  thus  required  to 
bring  the  lamina  cribrosa  into  focus  being  proportionate  to  the 
depth  of  the  cup.  In  (act  we  have  only  to  allow  0-3  mm.  for 
each  dioptre  of  the  lens  used,  in  order  to  obtain  an  approximate 
estimate  of  this.  Thus,  supjwse  the  edge  of  the  disc  and  the 
vessels  there  to  be  in  focus  without  any  lenj*  being  interposed 
between  the  two  eyes,  and  that  a  lens  of  4  D  is  required  to 
bring  the  lamina  cribrosa  into  focu^  then  (0-3  x  4=  1-2)  the 
ii]iproximate  depth  of  the  cup  will  be  1*2  mm.  If  the  bead  be 
moved  from  side  to  side,  the  bottom  of  the  vup  being  farther 
away  ajfpcars  to  move  in  the  same  nirection  as  the  observer's 
head;  this  [tarallax  or  change  in  the  relative  positJoiui  of  the 
floor  and  edge  of  thu  cup  i*  quite  diagnostic. 

Tlie  parallax  can  also  be  seen  by  the  indirect  mtihodi 
in  this  case,  if  the  len«  which  is  used  by  the  observer  be 
moved  through  a  small  space  in  front  of  the  eye,  the  images 
of  the  vessels  at  the  edge  of  the  cup,  am)  those  of  the  vessfls 
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at  the  bottx>m  of  the  cup,  appear  to  change  their  relative 
poBitions  ;  those  of  the  former  seem  to  move  more  quickly 
than  those  of  the  latter.  This  pheDomenon  is  easily  ex- 
plained. Id  fig.  82,  let  o  be  the  positioQ  of  the  vessel  at 
the  edge  of  the  disc,  and  o  that  of  a  vessel  at  its  bottom. 
Let  I  and  i  be  the  respective  images  of  these  vessels.  Then 
the  distance  Li  is  greater  than  Li.  If  the  lens  be  moved 
from  L  to  l',  the  image  i',  being  farther  from  the  centre  l' 
than  the  image  i',  will  have  to  describe  a  greater  space  in  the 
same  time,  and  so  i'  will  be  displaced  more  quickly  than  /'. 


!2.— ijp[iciil  rumliai. 


It  is  important  to  distinguish  between  the  cupping  of  the 
optic  disc  which  is  due  to  increased  intra-ocular  pressure,  aad 
the  physiological  cupping  already  described  in  p.  167.  By 
comparing  fig.  1,  opposite  p.  176,  with  figs.  1  and  2,  opposite 
p.  294,  it  will  be  seen  that  the  physiological  excavation  only 
occupies  a  part  of  the  area  of  the  disc,  whilst  in  glaucoma  the 
whole  disc  is  depressed. 

PuUation  of  the  veins  of  the,  ojdic  disc  U  always  produced 
by  increased  tension,  but,  as  it  is  very  frequently  present  is 
healthy  eyes,  it  is  of  little  value  as  a  symptom  unless  it  can  be 
proved  that  it  did  not  previously  exist.  ArterieU  pvisation  at 
the  optic  disc  is  occasionally  seen,  and  when  present  is  an  im- 
portant diagnoMlc  sign.  It  i»  'the  expression  of  the  conten- 
tion between  the  pressures  in  tbe  art«ries  and  in  the  ocular 
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diambers,  and  the  alternate  supremacy  of  each'  (Priestley 
Smitb).  With  the  exceptions  mentioned  on  p.  175,  it  is 
always  due  to  increased  in(ra-ocular  tension  or  to  aortic  re- 
gurgitation. It  may  be  present  before  the  onset  of  an  acute 
attack,  and  at  any  stage  in  the  course  of  chronic  glaucoma. 

3.  Contraction  of  the  field  vf  viai^i  is  always  present  in 
glaucoma.  The  field  for  white  first  commences  to  contract  on 
the  inner  part,  and  then  over  the  upper  and  lower  portions  of 
the  periphery ;  from  these  inner,  upper,  and  lower  portions  thf 
ohliteration  gradually  proceeds  towards  the  point  of  fixation, 
which  is  ultimat<;ly  destroyed,  leaving  only  a  contracted  space 
in  the  outer  part  of  the  field  in  which  vision  still  remains, 
although  its  acuity  is  necessarily  much  diminished. 

It  is  au  interesting  fact,  and  one  which  is  almost  peculiar 
to  glaucoma,  that  the  limits  of  viRion  for  colours  follow  the 
[  same  kind  of  contraction  as  those  for  white.    {See  Perimetry.) 
\  Fig.  1,  opixisite  p.  222,  is  a  chart  showing  the  visual  field  for 
white,  blue,  red,  and  green  respectively,  which  was  taken  from 
'  a  ease  of  moderately  advanced  primary  glaucoma.     On  cimi- 
paring  this  with  the  normal  visual  field  (fig.  1,  opposite  p.  21ti) 
I   it  will  be  seen  that  all   the  areas  for  colotirti  are  contracted 
\  almost  concentrically  with   that   for  white.     So   long  ns  the 
central  part  of  the  field  of  vision,  tl»at  is,  the  part  which  corre- 
sponds to  the  yellow  spot  region  of  the  retina,  is  not  encroached 
npon,  the  patient  may  enjoy  very  good  centj^l  vision  both  for 
white  and  for  colours  ;  he  will,  however,  be  unable  to  perceive 
other  objects  than  those  towards  which  his  eye  is  directed ;  his 
vision  is  Eimilax  to  that  of  a  person  looking  through  a  tube. 
After  the  obliteration  has  ))asse(l  the  centntl  region  the  vision 
becomes  very  defective,  and  finally  is  lost  altogwlher. 

4.  Dilatation  of  the  pupil. —  In  the  early  aiai/e  of  primary 
I  glaucoma  the  pupil  is  always  somewhat  dilated;  it  is  usually 

nval,  and  is  moderately  active.  As  the  disease  advances,  the 
dilatation  becomes  greater,  the  activity  is  loKt,  (he  pt^'riphery 
«f  the  iris  adheres  to  the  back  of  the  cornea  near  the  circum- 
ference of  the  latter.  In  very  advanced  cases  the  edge  of  the 
pupil  forsakes  ita  normal  position  against  the  capsule  of  th« 
lens  and  becomes  everted  (ectro[)i«n  iridJs),  so  that  a  ring  of 
brown  pigment  (uvea)  i^i  now   seen   to  encircle  the  pupil  in 
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front.     Finally,  the  iris  becomes  reduced  to  a  narrow  bana 
atrophied  tissue. 

5.  Other  intportaut  symptoms  present  themselves  in  glau- 
coma, but  are  less  constant  than  those  just  mentioned. 

Pain  is  sometimes  a  premonitory  symptom.  The  actual 
onset  of  acute  glaucoma  is  nearly  always  marked  by  intense  pain 
in  the  eye  and  in  surrounding  parts,  as  the  side  of  the  nose,  the 
temple,  and  the  back  of  the  head.  The  sudden  appearance 
and  extreme  violence  of  the  pain  are  important  features  in 
acute  cases.  Similar  but  less  severe  pain  is  sometimes  present 
in  subacute  glaucoma,  and  occasionally  in  the  chronic  forms ; 
but  the  majority  of  the  last  are  free  from  tliis  symptom. 

Inflamiiiatory  sifmptoms  are  always  present  in  the  acute 
and  subacute  forms,  but  are  absent  in  chronic  glaucoma.  In 
the  most  acute  cases  there  is  intense  congestion  of  the  circum- 
corneal  zone  of  vessels,  and  often  of  the  whole  conjunctiva} 
there  may  be  considerable  chemosis  of  the  ocular  conjunctiva, 
and  cedema  of  the  eyelids.  The  iris  loses  its  brilliancy,  the 
aqueous  and  vitreous  humours  become  turbid,  and  the  cornea 
may  be  steamy.  In  subacute  cases  there  is  dusky  redness  of 
the  vessels  in  the  eircumcomeal  zone. 

Shallowness  of  the  anterior  chamber  is  frequently  found  in 
cases  of  increased  tension,  but  it  is  not  a  constant  symptom ;. 
the  iris  appears  to  be  pushed  forwards  by  advancement  of  the 
lens.  In  acute  and  subacute  cases  this  forward  bulging  of  the 
iris  and  lens  is  sometimes  so  pronounced  that  these  structm^s 
appear  to  be  in  actual  contact  with  the  back  of  the  cornea. 

hiipaireil  sensation  of  the  cornea  is  a  common  symptom. 
When  the  tension  is  greatly  increased,  and  especially  where  it 
has  been  of  long  diiration,  the  cornea  may  be  touched  without 
exciting  reflex  contraction  of  the  orbicularis,  and  without  dis- 
comfort to  the  patient. 

Opacities  of  (he  media  are  nearly  always  present  in  the 
acute  and  subacute,  but  are  rare  in  the  chronic  forms  of  glau- 
coma. The  cornea  often  becomes  dull  and  *  steamy  '  in  appear- 
mice;  the  aqueous  is  turbid,  and  may  contain  small  hnmor- 
£  ;  the  vitreous  frequently  presents  floating  oiiacities.  In 
uiding  cases  the  lens  becomes  o{iaque. 

pyDm  what  has  been  said   of  the   symptoms  of  primary 
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glaiicomii  it  will  be  evident  that  an  extensive  range  of  caaes 
is  met  with,  and  that,  according  to  the  nature  of  their  promi- 
nent symptoms,  tbey  may  be  conveniently  divided  into  three 
or  four  groups — viz,  the  acute,  the  aiihacute,  the  chronic,  and 
the  h<F7itorrhaffic.  The  first  three  differ  rather  in  degree  than 
in  kind,  for  intermediate  forms  occur,  and  a  case  belonging  to 
one  group  may  at  any  time  assume  the  characters  of  the  other. 
The  h(emoiThaffic,  however,  presents  marked  differences  in  its 
cause,  and  in  the  effect  of  treatment. 

In  acute  cases  the  actual  attack  is  generally  ushered  in  by 
severe  pain  in  and  around  the  eye,  often  extending  over  the 
whole  side  of  the  bead ;  vomiting  is  not  unfrequently  present, 
and  tluE,  with  the  pain  in  the  bead,  may  cause  the  local  trouble 
fo  be  overlooked.  The  conjunctiva  is  usually  intensely  in- 
jected and  covered  by  large  tortuous  veins.  The  pupil  is  io- 
active,  semidilated,  and  oval.  The  cornea  and  media  are  always 
turbid ;  so  that  the  iris  looks  muddy  and  the  fundus  cannot  be 
seen.  Tension  is  greatly  increased,  and  vision  becomes  rapidly 
impaired,  so  that  in  the  worst  cases  {glawxynui  fulminans) 
total  blindness  may  ensue  in  twenty-four  hours  or  less. 

The  suhacute  cases  resemble  in  many  respects  those  just 
dcBcribcd.  but  the  premonitory  sympttims  extend  over  a  longer 
time,  and  those  which  mark  the  actual  onset  of  the  attack  are 
less  severe.  The  injection  of  the  conjunctiva  in  tlds  case  is 
often  confined  to  the  circumcomeal  zone,  a  fact  which,  com- 
bined vith  the  immobility  of  the  pupil,  not  unfrequently  leads 
to  a  diagnosis  of  iritis — a  mistake  which  may  have  most  dis- 
astrous cou sequenced,  for,  while  atropine  does  good  in  iritis,  it 
invariably  does  harm  in  glaucoma. 

Chronic  glaucoma  differs  from  the  preceding  fonus  in  the 
absence  of  conjunctival  injection,  and  of  opacities  in  the  media. 
The  absence  of  inflammatory  symptoms  led  to  these  cases  being 
formerly  classed  as  simple  or  non-ivftammatory  glaucoma, 
but  the  distinction  is  probably  not  a  sound  one.  Cases  of 
chronic  glaucoma  often  eitend  over  many  years,  there  being 
very  slight  increase  of  tension,  but  progressive  failure  of  vision, 
with  contraction  of  the  vinual  field,  cupping  of  the  optic  nerve, 
and  atropiiy  of  its  fibres. 

Ua-morrhagic  glaucoma  is  characterised  by  ba'morrhagei 
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from  the  retinal  vessels  in  utlditiou  to  the  other  i>yniptomB  of 
glaucoma. 

When  the  media  will  allow  of  ophthalmoscopic  examina- 
tion, it  is  found  that  these  biemorrhageB  do  not  materially 
differ  from  those  of  other  diBeases ;  they  appear  in  dark  re4 
somewhat  elongated  patches,  running  in  the  direction  of  the 
retinal  vessels,  which  they  sometimes  render  obscure ;  the 
veins  appear  dilated  and  tortuous,  the  arteries  are  of  more 
normal  calibre;  the  optic  disc  is  hazy  and  congested. 

When  retinal  hferaorrhages  exist,  the  other  symptoms  of 
glaucoma  are  less  evident  than  in  ordinary  oases. 

The  tension  is  sometimes  only  slightly  augmented.  The 
visual  field  does  not  present  the  typical  concentric  limitation, 
but  contains  various  irregular  blind  spots  (scotoraata)  corre- 
sponding to  the  positions  of  the  blood  -  e  zti'avasation  s ;  and 
should  these  he  eituate<l  near  the  yellow  spot  region,  the 
central  vision  will  be  destroyed.  Sooner  or  later,  however,  all 
doubt  as  to  the  nature  of  the  case  is  dispelled  by  the  onset  of 
markedly  increased  tension,  and  of  violent  pains  in  and  around 
the  eye.  Any  sudden  diminution  of  tension,  such  as  t^ea 
place  in  performing  an  iridet'tomy,  is  liable  to  be  followed  by 
fresh  hemorrhage. 

Primary  gl.iucoma  usually  attacks  both  eyes,  but  rarely  at 
the  same  time  ;  the  aEfection  of  the  second  eye  may  set  in  at 
any  time  from  a  few  hours  to  several  years  after  the  first. 

Pathology, — As  we  have  already  seen  (p.  123),  the  intr»- 
ocutar  fluid  is  mainly  secreted  by  the  ciliaiy  processes,  although 
a  small  portion  may  be  given  off  by  the  iris.  Part  of  this  fluid 
passes  directly  into  the  aqueous  chamber;  another  portion 
passes  into  the  vitreous  chamber,  and  from  the  \itreou8  cham- 
ber through  the  suspensory  ligament  into  the  posterior  part  of 
the  aqueous  chamber.  The  aipwrng  hvmwiir  thus  formed  flows 
forward  from  behind  the  iris,  mainly  through  the  aperture  of 
the  pnpil,  but  a  [lortion  of  it  passes  through  the  tissues  at  the 
[wriphery  of  the  iris ;  having  thus  reached  the  anterior  part  of  the 
aqueous  chamber,  it  flown  between  the  fibres  of  the  Ugamentum 
pectinatum  at  the  angle  of  the  anterior  chamber  (iritie  angle) 
and  reaches  the  c^inal  of  Schleinm  ;  from  this  it  juisses  into  the 
venous  plexus,  situated  in  the  vicinity  of  the  canal ;  it  either 
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enters  directly  intxi  these  veins  by  means  of  valvular  ajiertures, 
and  so  enters  the  blood  current,  or  it  passe-s  into  the  peri- 
vascular lymph  spaces  surrounding  the  veins,  and  is  carried  by 
these  to  the  capsule  of  Tenon.  The  increased  tenaion  of  glau- 
foma  is  undoubtedly  due  to  an  excess  of  this  Biiid  within  the 
globe,  but  opbthalmologiptB  are  somewliat  at  variance  as  to  the 
exact  cause  of  this  phenomenon. 

Priestley  Smith  believes'  that  the  comparatively  large  size 
of  the  lens  in  advanced  life  (see  p.  2-16)  accounts  for  the  special 
liability  of  elderly  people  to  primary  glaucoma.  He  found 
by  experiment  that  if  the  vitreous  chamber  be  overfilled  with 
fluid,  so  that  the  lens  and  suspensory  ligament  move  slightly 
forwards,  the  ciliary  processes  are  pressed  against  the  base  of 
the  iris,  and  this,  in  turn,  against  the  cornea,  so  that  the 
tUtration  channels  at  the  angle  of  the  anterior  chamber  are 
shut  up  in  a  manner  closely  resembling  what  is  fonnd  in  the 
early  stage  of  primary  glaucoma.  He  is  of  opinion  that  primary 
glaucoma  is  the  consequence  of  a  shutting  up  of  the  angle  of 
the  anterior  chamber,  arising  precisely  in  this  way.  in  the 
normal  state  of  the  eye  the  waste  fluid  of  the  \-itreous  body 
passes  forwards  through  the  suspensory  ligament  to  mingle 
with  the  aqueous  fluid  ;  but  in  glaucoma  this  e)>oa)>e  of  the 
vitreous  fluid  api>ears  to  be  checked  by  closing  up  the  space 
between  the  ciliary  body  and  tLe  lens,  and  w  the  vitreous 
diamber  gets  over-filled.  The  iviTitediate  cause  of  the  obstruc- 
tion a)ipears  in  most  cases  to  be  a  swelling  up  of  the  ciliary 
processes,  but  it  is  obvious  that  the  large  size  of  the  senile 
lens  will  act  as  a  predisponini/  cause  of  gUucoma  wherever 
such  swelling  occurs.  This  opinion  as  to  the  participation  of 
the  lens  is  supported  by  the  (act  that  swelling  of  the  lens  as  the 
result  of  injury  is  very  apt  to  induce  glaucoma  in  elderly  people, 
in  whom  the  lens  is  already  of  large  size,  and  less  so  in  young 
people,  in  whom  it  is  small.  It  is,  however,  innifGcient  to 
jwoount  for  certain  forms  of  glaucoma,  such  as  sometimes  occur 

eyes  from  which  the  lens  has  been  removed,  and  in  eyes 
where  the  lens  has  been  dislocated  backwards. 

Dr.  Hrailey  *  believes  glaucoma  to  be  primarily  due  to  a 
vawular  change ;  he  considers  that  before  the  development  of 
Olatiama.    London,  1879.        ■  /.^sirf-  Oyi.  floip.  JtfjNtttt,  vol  i.  put  ii. 
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the  increased  tension  ihereis  always  inflammation  of  the  ciliary 
body,  iris,  and  optic  nerve ;  that  this  is  most  pronounceii  in  the 
ciliary  body,  espetiaJly  in  and  around  its  muscular  fibres ;  that 
the  inflamed  condition  gives  rise  in  the  first  instance  U)  hyper- 
secretion of  fluid  fram  the  ciliary  body  and  iris;  that  the  en- 
largement of  the  ciliary  folds,  due  to  their  vascular  turgescence, 
causes  the  ad\'ancemenf  of  the  periphery  of  the  iris  towards 
the  cornea,  by  which  the  outflow  of  fluid  from  the  globe  through 
the  angle  of  the  aqueous  chamber  and  the  canal  of  Schlemm  is 
impeded. 

Dr.  Weber  of  Darmstadt'  does  not  believe  in  the  theory  of 
hypersecretion  of  fluid,  but  in  a  diminished  outflow.  He  does 
uot  consider  that  the  hindrance  to  the  outflow  is  limited  to  the 
iritic  angle  of  the  anterior  chamber,  but  that  impedimenta  may 
exist  in  the  vitreous,  in  the  suspensory  ligament,  the  anterior 
chamber,  the  canal  of  Schlemm,  or  in  the  superficial  layers  of 
the  sclerotic.  He  also  is  of  opinion  that  a  higher  '  condition  of 
albuminosity '  of  the  intraocular  fluid  may  tend  to  prevent  its 
outflow. 

Whatever  may  be  the  initial  caiise  of  primary  glaucoma, 
whether  from  (i.)  hypersecretion  of  the  inflamed  ciliary  body, 
(ii.)  impeded  outflow  caused  by  pressure  of  the  enlitrged  ciliary 
body  ii|>on  the  periphery  of  iris,  (iii.)  impeded  outflow  from  the 
vitreous  chamber  by  enlargement  of  the  lens,  or  from  all  these 
causes  combined,  there  are  certain  pathological  conditious  which 
are  pretty  constantly  found  in  glaucomatous  eyes.  These  will 
now  be  considered. 

The  ciliary  body. — hi  the  early  stage  there  is  always  in-, 
flammation  of  the  ciliary  muscle,  and  enlargement  of  the  ciliary 
folds  (cyclitia).  This  condition  of  capillary  distension  of  the 
ciliary  body  is  believed  by  Dr.  Brailey  to  cause  increased  secre- 
tion, which  may  of  itself  be  sufficient  to  cause  glaucomatous 
tension.  Its  appearance  at  this  early  stjige  is  very  similar  to 
that  of  serous  iritis  (see  fig.  1,  opposite  p.  127).  It  differs  from 
that  afiFection  in  becoming  rapidly  atrophic,  the  atrophy  being 
accompanied  by  great  dilatation  of  the  blood-vessels.  In  tJu 
advanced  stage  of  primary  glaucoma  the  ciliary  body  is  always 
found  to  be  atrophied  (see  figs.  1,  2,  and  3,  on  the  opposite 
■  Traru.  Int.iltd.  {km^rtu,  \(\\-  iii.     1BS1. 
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page);  not  only  tbe  muscle  but  the  ciliary  folds  are  found 
to  be  shrunken  and  the  vessets  widely  dilated.  In  old  jieople 
this  atrophy  is  accompanied  by  the  forraatiou  of  dense  con- 
nective tissue,  whilst  in  the  more  rare  attacks  in  young  people 
the  port  becomes  stretched,  owing  \o  the  elasticity  of  I  he 
tissues,  thus  forming  a  general  bulging  of  the  anterior  part  of 
the  eye,  and  giving  rise  to  the  condition  known  as  buphtluilmos. 
The  irU  is  also  slightly  inflamed,  aud  the  pupil  somewhat 
dilated  and  sluggish  in  the  earli/  sta^je.  Its  periphery  is 
approximated  to  the  back  of  the  cornea  at  the  iritic  angle  30  as 
todiminish  the  size  of  that  outlet ;  thelibreiiof  the  ligament  iiin 
pectinatum  us  they  iiass  from  Descemet's  membrane  to  the 
base  of  the  iris  are  found  to  be  swollen  by  hypemncleation  of 
their  epithelioid  covering,  and,  by  lieing  thus  increased  in 
calibre,  the  spaces  between  them  (s^mces  of  Fontana)  are  con- 
^^^_  aiderably  diminished',  thus  forming  a  further  obstruction  to  the 
^^H  outflow  of  the  fluid  from  the  anterior  chamber  to  the  canal  of 
^^^ft  Schlemm.  In  the  advanced  stage  the  periphery  of  the  iris  is 
^^^B  found  to  be  in  actual  contact  with  tlie  cornea,  and  adherent  to  it 
^^^B  (flee  tigs.  1,2,  and  3,  on  theoppo8iie])age),  so  that  the  iritic  angle 
^^r^  is  more  or  less  completely  blocked.  Under  these  circumstances 
'  the  edges  of  the  pupil  are  iometimes  everted,  as  in  fig.  3,  and 

the  pupillary  margin  <if  the  iris  no  longer  rests  uijon  the  cuji- 
^^  sale  of  the  tens.  Finally,  the  iris  may  become  atrophied  and 
^^^H  reduced  to  a  mere  band  of  slate-coloured  tissue  around  the 
^^^1  widely  dilated  pupil. 

H  Tlie  atisp^isory  ligament   is  put  Ul>on  the  stretch  by  the 

'  accumulated  intraocular  fluid.     This  is  probably  an  imporiant 

factor  in  the  impairment  of  accommodation  which  is  always 
I  present  in  glaucoma. 

^^^H  Thf  optic  nervr.  is  always  found  to  be  somewhat  inflamed  in 

^^H  the  very  early  stage  (Brailey).  In  i\\c  ndvunced  ttaijes  there 
^^1  kre  always  changes  in  this  structure.  Un  transverse  section 
the  nerve-fibres  are  found  to  be  shrunken,  and  the  intervening 
connective  tissue  considerably  hypertrophied.  The  same  hyper- 
trophy IS  found  \a  affect  the  pial  sheath  of  the  optic  nerve  and 
the  lamina  crihrosa.  This  latter  structure,  which  fonns  the 
floor  of  the  optic  disc,  is  the  weakest  {jart  of  the  fibrous  capsule 
^^-     of  tbe  globe,  and  is  therefore  the  first  to  yield  to  glauoomatous  ^1 
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tension.  In  cupping  of  the  optic  di^c  the  fibres  of  the  lamina 
are  pushed  backwards  in  the  manner  shown  in  iig.  4,  opjiosite 
p.  303,  and  the  nerve-fibres  as  they  radiate  towards  the  retina 
are  pressed  back  with  it.  The  depth  of  the  cup  depends 
chiefly  upon  the  amount  and  duration  of  increased  tension  and 
the  age  of  the  patient.  In  a  person  of  middle  age,  where  the 
tension  has  been  considerable  and  of  long  standing,  the  cup  is 
generally  deep  with  overhanging  edges,  but  in  an  older  person 
(over  sixty)  it  is  less  deep,  owing  to  the  unyielding  nature  of 
the  fibrous  tissue. 

The  chomid.—  lt  was  formerly  considered  (Graefe)  that 
choroiditis  serosa  was  (ine  of  the  chief  causes  of  glaucoma,  but 
it  is  found  that  this  structure  is  not  affected  in  the  early  stage, 
and  only  evinces  a  tendency  to  atrophy  in  the  later  ]ierioil  of 
glaucoma,  when  the  optic  disc  is  often  seen  surrounded  by  a 
ring  of  choroidal  atrophy. 

The  retina  suffers  from  prolonged  pressure  in  seyral  ways. 
In  the  first  place,  the  compression  of  so  delicate  a  structure  is 
alone  sufficient  to  impnir  its  function  ;  then  we  have  seen  that 
the  fibres  of  the  optic  nerve  are  compressed  and  atrophied  at  or 
near  the  optic  disc ;  finally,  the  flow  of  art«rial  blood  to  the 
retina  is  impeded,  and  the  efflux  of  venous  blood  is  retarded. 
The  want  of  art«rial  blood  is  probably  the  cause  of  the  charac- 
teristic limitation  of  the  visual  field  ;  the  coui'se  of  the  vessels 
to  the  (leriphery  being  longer,  and  so  having  greater  resistance 
to  overcome  than  those  at  the  centre.  The  vessels  of  the 
retina  are  frequently  found  to  be  degenerated.  The  walls  of 
the  arteries  are  oft«n  thick,  and  present  a  hyaline  ap[)earance  j 
sometimes  aneurysmal  dilatations  may  be  seen,  and  hfemor- 
rbages  are  frequently  found. 

Treatvient. — In  the  year  1856  Alfred  Graefe,  ha\-ing  dis- 
covered that  iridfctomy  was  effectual  in  reducing  intraocular 
tension,  employed  this  operation  in  the  treatment  of  glaucoma; 
his  attempts  in  this  direction  were  followed  by  the  most  brilliant 
success.  The  operation  of  iridectomy  has  been,  and  is  almost 
universally  adopted  for  this  disease,  and  is  the  means  of  rescu- 
ing hundreds  of  persons  from  blindness  every  year. 

Before  the  time  of  Oraefe's  discovery,  glaucoma  held  a 
prominent  place  in  the  category  of  incurable  diseases.     Since 
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the  introdnction  of  iridectomy  other  operative  measures,  as 
sclerotomy  and  paraceuteais  of  the  vitreoiiB  and  anterior  cham- 
bers, have  been  introduced,  but  up  to  the  present  time  they 
fhave  in  no  way  proved  themselves  BUperiorto  the  original  opera- 
tion, although  in  certain  cases  their  adoption  may  be  adWsable. 

Of  late  years  alao  the  local  action  of  certain  myotic  drugs, 
Boch  as  the  eitract  of  calabar  bean,  eserine,  and  pilocarpine, 
has  been  found  effectual  in  reducing  and,  in  a  few  cases,  even 
abolishing  the  excess  of  tension  in  glaucomatous  eyes. 
,  During  the  premonitory  ataffe,  which  is  probably  the  ex- 
i|iressioii  of  successive  transient  attacks  of  increased  tension, 
recurring  after  variable  intervals  of  time,  eserine  (F,  31)  may 
be  employed  with  great  benefit. 

In  acute  mid  subacute  cases,  a  large  iridectomy  (see  ]».  155) 
in  the  upward  direction  should  be  immediately  performed.  The 
omission  or  postponement  of  this,  or  an  eqiuvalent  operation,  is 
liable  to  be  attended  with  the  most  disastrous  consequences  ;  by 
allowing  the  continuance  of  the  great  intraocular  pressure  which 
accompanies  these  affections,  the  function  of  the  retina  will 
become  permanently  deteriorated,  if  not  absolutely  destroyed. 
On  the  other  hand,  the  performance  of  the  operation  is  usually 
attended,  not  only  with  a  cessatiou  of  the  symptoms  and  progress 
of  the  disease,  but  with  marked  improvement  of  the  vision  j  an 
eye  thus  affected  may  have  been  recently  deprived  of  all  usefiil 
vision,  and  even,  it  has  been  said,  for  a  short  time,  of  percep- 
tion of  light,  and  may  yet  recover  \ery  good  eight  from  a 
prompt  and  well- performed  iridectomy.  Whatever  defect  of 
vision  may  have  existed  in  the  eye  before  the  operation,  the 
after  improvement  will  almost  entirely  depend  upon  the  pre- 
vious duration  of  the  pressure. 

In  the  event  of  unavoidable  delay,  from  want  of  proper  in- 
struments, objections  on  the  part  of  the  patient,  or  from  other 
causes,  a  solution  oi  esentit  (F.  31)  should  be  dropped  into  the 
palpebral  apertm-e  every  hour ;  this  may  to  some  extent  reduce 
the  intraocular  pressure,  and  so  stave  off  ita  pernicious  eSect* 
until  the  operation  can  be  performed.  In  fact,  it  is  well  in  all 
cases  to  commence  the  use  of  eserine  as  soon  as  jKMsible  after 
the  diagnosis  is  completed,  and  to  continue  its  use  both  before 
•nd  after  any  opemtion  that  may  be  performed. 
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In  chronic  glaucovia,  the  improvement  produced  by  iridec- 
tomy and  the  use  of  eaerine  or  other  myotics,  is  not  bo  m&rked 
as  in  the  cases  just  mentioned.  In  the  majority  of  cases  the 
operation  Is  sufficient  to  arrest  the  progress  of  the  diaeaae,  but 
it  seldom  restores  much  of  the  vision  that  has  been  lost  liy 
continued  pressure.  The  use  of  eeerine  alone  is  generally 
helpful  in  reducing  tension,  which  in  some  cases  will  almost 
entirely  disappear  after  a  few  days'  use  of  that  drug.  The 
general  experience,  however,  is  that  the  relief  thus  obtained  is 
not  permanent ;  the  tension  returns  soon  after,  or  even  before, 
the  discontinuance  of  the  drug  with  the  effect  of  gradual  dete- 
rioration and  final  loss  of  vision. 

In  a  small  projKirtion  of  cases,  mostly  of  the  chronic  kind, 
iridectomy  is  not  followed  by  improvement ;  the  tension  re- 
mains elevated,  and  the  vision  continues  to  decrease.  In  &  few 
cases  of  the  same  class  this  operation  is  succeeded  by  exaggera- 
tion of  the  symptoms ;  the  vision  rapidly  fails,  and  it  may  be 
followed  by  shrinking  of  the  globe. 

There  are  no  definite  signs  by  which  we  are  able  to  foretell 
these  conditions ;  it  is,  therefore,  well  to  give  a  guarded  prw- 
gnosis  in  all  cases,  and  to  forewarn  the  patient  of  this  possible 
termination. 

In  kcemorrhagic  glaucoma,  when  the  condition  of  the 
media  will  admit  of  the  detection  of  hscmorrhagfes  in  the  retisa, 
the  vitreous,  or  the  anterior  chamber,  iridectomy  is  contia- 
indicat«d.  Owing  to  the  diseased  condition  of  the  blood-vessels, 
an  iridectomy  is  certain  to  aggravate  the  mischief,  the  sudden 
lowering  of  the  intraocular  pressure  causing  further  hsemorrbage. 
The  operation  of  sclerotomy,  iu  which  the  diminution  of 
tension  is  more  gradual,  has  not  so  far  been  followed  by  theaa 
untoward  results. 

In  very  old  people  the  probable  duration  of  life  mu£i  be 
considered  ;  where  the  disease  is  of  the  mild  and  chronic  form 
the  central  vision  may  continue  fairly  good  until  the  end. 

In  advanced  disease,  where  the  vision  is  i>erhap8  totally 
gone  from  one  eye,  and  greatly  impaired  in  the  other,  ths 
iris  is  usually  atrophied,  and  sclerotomy  would  be  more  easily 
performed  than  iridectomy,  although  but  little  benefit,  beyond 
the  relief  of  tension  and  ooneequent  cessation  of  pain»  could  bs 
expected. 


I 
I 
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TREATMENT.  tOt 

Solerotomy  has  of  late  years  been  extensively  tried  as  a 
substitute  for  iridectomy  in  glaucoma ;  this  is  owing  to  the 
widespread  conviction  that  the  latt«r  operation  owes  its  efficacy 
to  the  incision  in  the  sclerotic  rather  than  to  the  excision  of  a 
portion  of  the  iris.  Various  methods  of  performing  sclerotomy 
are  in  use  ;  the  following  plan,  as  recommended  by  De  Wecker, 
is  the  one  I  usually  adopt. 

Operation. — ^A  Graefe's  lineaj  knife  (fig.  42,  p.  156),  or  one 
of  De  Wecker's  sclerotomes,  is  introduced  into  the  §clerotic  at 
1  to  2  mm.  from  the  margin  of  the  cornea,  in  the  same  way  as 
for  iridectomy  in  the  extraction  of  cataract  (see  p.  270),  except 
that  the  incision  is  slightly  more  posterior  than  in  the  iridec- 
tomy ;  its  point  is  carried  across  the  anterior  chamber  in  front 
of  the  iris,  and  the  counter-puncture  made  in  the  opposite  cor- 
responding position.     The  knife  is  now  carried  upwards  by  a 
aawing  movement  until  it«  edge  is  jnst  covered  by  the  sclero- 
comeal  junction,  that  is,  until  its  edge  forms  a  tangent  with  the 
^^^     highest  point  of  the  cornea;  the  incision  is  then  stopped  with- 
^^^H    «nt  cutting  through  the  remaining  bridge  of  sclerotic  above, 
^^^P    and  the  knife  is  slowly  withdrawn.     Great  care  should  be  taken 
^^^"     not  to  wound  the  iris,  also  to  prevent  a  sudden  rush  of  the 
aqueous  from  the  wound,  whereby  the  iris  might  be  caused  to 

I  protrude,  and  so  become  entangled  in  the  wound. 
By  sclerotomy  performed  in  this  manner  all  the  tissues  at 
the  iritic  angle  are  divided,  except  the  bridge  of  sclerolio  tisstie 
: 


■which 


The  ojjeration  is  '  subconjunctival,'     The  line  of 


f  Incision  which  it  is  desirable  to  obtain  in  sclerotomy  is  shown 
)  in  tig.  83,  where  it  is  seen  to  be  somewhat  posterior  to  that  of 
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iridectomy.  It  is  evident  that  in  this  operation,  if  the  incision 
is  too  far  removed  from  the  cornea,  there  ia  danger  of  wounding- 
the  ciliary  body,  and  consequent  haemorrhage  into  the  vitreous 
chamber,  also  of  possible  plastic  cycUtis,  and  consequent  sympa- 
thetic infiammation  in  the  other  eye. 

With  the  view  of  preventing  the  prolapse  of  the  iris  through 
the  wound  in  the  sclerotic,  as  well  as  for  the  continued  reduc- 
tion of  tension,  the  use  of  eserine  (F.  31)  is  advisable  both 
before  and  after  the  operation. 

Sclerotomy,  although  generally  admitted  to  be  theoretically 
equivalent  to  iridectomy,  has  not  yet  gained  the  universal  con- 
fidence of  ophthalmic  surgeons.  Speaking  on  this  subject  in 
1 878,  De  Wecker,'  one  of  the  strongest  supjxirters  of  sclerotomy, 
says :  '  Although  I  shall,  probably,  during  the  whole  course  of 
my  career  continue  to  give  preference  to  eicision  of  the  iris  as 
being  the  surest  ojieration  against  glaucoma,  I  hold  the  convic- 
tion that  our  progressive  science  will  substitute  for  it  a  simpler 
and  more  logical  proceeding.  .  .  .  Under  two  circumstances 
only  do  I  strongly  recommend  you  to  renounce  iridectomy  and 
to  resort  to  my  operative  procedure  ;  first,  when  you  recognise 
that  you  are  dealing  with  hsemorrhagic  glaucoma,  for  here  the 
double  section  with  the  narrow  sclerotome  (2  mm.)  enables  you 
to  avoid  the  danger  of  the  section  for  iridectomy  ;  and  secondly, 
in  cases  of  absolute  glaucoma :  in  these  sclerotomy  ought 
always  to  be  preferred  to  iridectomy,  the  operation  being  under- 
taken only  with  the  object  of  freeing  the  patient  fiom  severe 
pain.' 

Paracentesis  of  the  vitreous  chamber  is  practised  by  Cowell 
for  the  relief  of  certain  forma  of  chronic  and  secondary  glau- 
coma ;  be  plunges  the  point  of  a  Beer's  cataract  knife  to  thu 
extent  of  5  mm.  through  the  conjunctiva,  sclerotic,  choroid, 
and  retina,  as  near  as  possible  to  the  space  between  the  ins^- 
tions  of  the  superior  and  external  recti.  The  incision  is  some- 
times attended  with  excellent  results,  not  only  in  relieving 
tension,  but  in  the  improvement  of  vision,  &c. 

When  an  eye  is  lost  from  glaucoma  and  continues  to  be 
painful  after  sclerotomy  or  any  other  operation,  excision  of  the 
globe  is  the  only  remedy. 

>  ThfnpnMr^  Oeulmn,  put  i.  p.  378.     UTS. 
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8econdai7  glaucomft  sigoitieg  a  condition  of  increased  iobu- 
ocular  tension,  occurring  as  a  complication  of  some  other  affec- 
tion of  the  eje.  It  ia  most  common  amongst  those  maladies 
which  interfere  with  the  normal  movements  and  jiodtion  of 
the  iris. 

Perforating  ulcer  of  Vie  cornea  with  protrusion  of  tk* 
iris  is  a  common  example  of  thie.  The  whole  or  part  of  the 
pupillary  edge  of  the  iris  becomes  entangled  in  the  wonnd, 
where  it  appears  as  a  black  point ;  if  this  be  carefully  examined, 
the  protruding  portion  of  the  iris  will  be  found  to  act  as  a 
filter,  and  for  a  certain  period  to  give  rise  to  a  constant  leak- 
age ;  finally,  this  black  point  becomes  covered  over  by  a  layer  of 
lymph  which  cicatrises  and  the  leak  is  closed.  Increased  tension 
is  the  immediate  result;  the  fluid  can  no  longer  pass  through 
the  cicatrix ;  the  periphery  of  the  iris  is  jammed  against  tlie 
«omea  by  the  fluid  pressure  behind  it,  and  so  the  entrance  to 
the  canal  of  Schlemm  is  closed.  Unless  the  tension  is  relieved 
by  iridectomy,  or  an  equivalent  operation,  the  iris  becomes 
atrophied  and  adherent  to  the  cornea ;  anterior  staphyloma  or 
bulging  of  the  whole  anterior  part  of  the  eye  may  occur ;  the 
iris  is  greatly  stretched,  and  tension  is  made  u]>on  the  ciliary 
processes;  the  lens  is  carried  forward  as  well  as  the  iris;  the 
A)Oula  is  stretched,  and  so  traction  is  made  uimn  the  pars 
ciliaris  retinae.  The  vitreoua  undergoes  degeneration,  and 
becomes  more  fluid  than  normal. 

Complete  posterior  sytuxfiia  is  another  common  cause  of 
secondary  glaucoma ;  the  pupil  being  bound  to  the  anterior 
«Bpimle  of  the  lens,  the  passage  of  Huid  forwards  through  this  is 
-arrested ;  pressure  is  thus  made  upon  the  iris  from  behind,  and 
its  peripheral  portion  is  bulged  forwards,  thus  closing  the  angle 
of  the  anterior  chamber,  while  the  attachment  of  its  pupillary 
-edge  to  the  lens  gives  a/unne^-sAajved  appearance  to  the  pupil. 

Wound  of  the  lens,  as  in  the  needle  operation  or  by  acci- 
■dent,  often  gives  rise  to  increased  tension,  probably  by  causing 
swelling  of  the  lens  structure  within  its  capsule.  The  remains 
of  soft  lens-matter  after  cataract  extraction  is  also  a  cause  of 
increased  tension. 

Dislocation  of  the  lens  either  forwards  or  backwards,  and 
partial  dislocation  of  the  lens,  sometimes  give  rise  to  glaucoma. 


f  MO 


SECONDAST  GLAUCOMA. 


Fonign  bodies  in  the  globe  may  cause  glaucomatous  ten- 
8ioa ;  thia,  again,  is  probably  generally  by  wound  of  the  lena 
and  iris  or  ciliary  body. 

Sarcoma  of  the  choroid  and  glioma  of  the  retina  are 
naually  attended  at  some  period  of  their  history  by  a  rise  of 


Sympto7}ia. — Increased  tension  is  the  chief  sign  of  secondary 
glaucoma.  The  other  symptoms  of  contracted  field,  halos,  im- 
I>aired  visual  acuity,  and  changes  in  the  refractive  condition, 
are  seldom  to  be  made  out  on  account  of  the  lesions  of  the 
cornea,  iris,  lens,  &c. 

The  treatineiit  of  secondary  glaucoma  must  vary  with  the 
cause.  In  the  case  of  a  dislocated  lens  being  the  cause  of  the 
trouble,  an  attempt  should  be  made  to  remove  it.  {See  p.  285.^ 
Where  the  iris  is  adherent,  either  anteriorly  or  posteriorly, 
iridectomy  (see  p.  155)  should  be  performed.  lATien  the  eyo 
is  quite  blind  and  the  media  opaque,  if  it  is  painful,  and 
especially  if  the  other  eye  remains  unaffected,  it  probably 
contains  a  tumour,  and  should  therefore  be  excised. 

The  after  treatment  of  iridectomy  or  sclerotomy  for  glau- 
coma is  simple  enough.  After  iridectomy,  the  eyelids  are 
closed  and  covered  with  a  piece  of  wet  lint  and  a  light  bandage. 
After  sclerotomy,  the  bandage  is  generally  dispensed  with  alto- 
gether, and  the  eyes  shaded  from  the  light.  On  the  second  or 
third  day  the  use  of  eserine  (F.  31)  should  be  resumed.  The 
general  health  should  be  supported  by  tonics ;  any  excess  in 
diet,  and  especially  in  alcoholic  drinks,  being  avoided.  Any 
constitutional  dyscrasia,  as  gout  or  rheumatism,  should  be  com- 
bated by  suitable  remedies.  For  the  first  few  days  the  patient 
had  better  be  kept  in  bed,  and  should  not  leave  the  darkened 
room  for  at  least  a  week.  After  that  time  he  should  wear 
spectacles  of  the  darkest  neutral  tint ;  he  should  avoid  over-ns© 
of  the  eyes,  and  be  as  far  as  possible  removed  from  over-work 
and  worry. 
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CHAPTER   XIV. 

ERRORS  OP  REFRACTION. 

By  W.  Aduu  FBOflT,  F.B.C.S.  Bog. ;  and  Huf  rt  Jdlxk,  F.B.C.S.  E14. 
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MOMXIPI.— V.    KBTHODB    OP    ESTIllATISe    BBnUCTIOH. — TI.    BKSKKAL 
*         OOKUOEnATIONA, 

Section  I. — OPTICAL  Pkinciples. 

From  every  point  on  the  snrfece  of  an  illuminated  or  InminoQa 
object  light  is  given  off  in  every  direction  in  a  straight 
line.  Hence  the  light  &om  any  snch  point  may  be  con- 
Hid  ered,  and  represented  diagrammatically,  as  fine  radiat- 
ing lines ;  each  imaginary  lines  are  called  ray».  Adjacent 
rays  coming  from  the  same  point  constitute  a  pencil  of 
light.  Rays  of  light  therefore  coming  from  any  point  most 
necessarily  be  divergent :  the  greater,  however,  the  distance  of 
the  source  of  the  light,  the  more  nearly  vill  they  approach  to 
parallelism.  Thus,  in  the  case  of  rays  from  the  Bun,  it  is  impos- 
sible by  the  most  aocumte  measurement  to  demonstrate  that 
they  are  not  parallel.  Here  we  shall  be  chiefly  concerned  with 
rays  which  enter  the  eye  through  the  pupil,  and  of  these  we 
may,  for  all  practical  purposes,  consider  as  parallel  those  which 
come  from  a  point  distant  not  less  than  six  metres  (20  feet). 

As  long  as  a  ray  travels  in  the  same  medium  it  continues 
Its  original  direction  ;  if  it  passes  into  a  medium  of  different 
density  it  changes  it*  direction  at  the  sur&oe  which  separatet 
the  two  medio.  The  direction  and  amount  of  the  change 
depend  on  two  bctors — the  difference  in  the  refracting  power 
of  the  two  media,  and  the  form  of  the  surface  of  sepomtion. 
As  a  rule,  the  refracting  power  of  a  medium  is  in  proportion  to 
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its  density  ;  thns  glass  ia  more  refracting  than  water,  and  Trater 
than  air,  while  air,  as  compared  with  vacuum,  has  a  de6iut« 
power  of  refraction.  The  following  are  the  laws  of  refraction : 
(1)  A  ray  in  paasing  from  a  lesa  into  a  more  refrading 
inediv/m  is  refracted  towards  tkenormal.  (2)  In  passing  fn/m 
a  more  into  a  leas  refracting  -medium  a  ray  is  refracted  away 
from  tite  normal.  A  ray,  whose  course  coincidea  with  the 
normal,  undergoes  no  change  of  direction.  The  normal,  in  the 
case  of  a  plane  surface,  is  the  perpendicular  to  the  surface 
drawn  from  the  point  of  contact  of  the  ray,  in  the  case  of  a 
spherical  surface  it  is  identical  with  the  radius  of  curratore. 

It  is  evident  that  if  a  ray  pass  right  through  the  more  refract- 
ing medium  into  the  same  medium  which  it  traversed  before, 
it  will  be  refracted  at  the  surfaces  both  of  entry  and  of  exit. 

We  will  consider  first  the  case  of  a  ray  passing  through  a 
piece  of  glass  whose  surfaces  are  parallel,  as  in  an  ordinary 
plate-glass  window.  Let  ab  (fig.  84}  be  such  a  ray  passing 
through  n'  j  then  at  k  it  is  refi^ct^d  towards  the  perpendicular 


p  h,  and  at  k'  it  is  again  refracted  away  from  the  perpendicular 
p' k' to  the  same  extent — i.e.  the  amount  of  refraction  is  the 
same,  but  its  direction  is  opi>oaitc  to  that  which  it  underwent 
on  entering  the  glass — hence  its  ultimate  direction  is  parallel 
to  that  which  it  originally  had,  and  it  has  merely  undergone 
parallel  dl^lacement.     The  amount  of  this  displacement  ob- 
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Tionsly  depends  on  the  obliquity  with  which  the  ray  etrikes  the 
^kss,  and  on  the  thickness  of  the  latter.  In  all  the  cases  with 
which  we  shall  be  concerned  the  parallel  displacement  may  be 
disregarded,  and  rays  which  pass  through  a  body  whose  sur&ces 
are  parallel  or  concentric  may  be  considered  to  be  unchanged 
in  their  course,  pro\-ided  that  the  media  on  each  side  of  the 
body  have  the  same  power  of  refraction. 

If,  instead  of  being  parallel,  the  surfaces  of  the  glass  con- 
verge as  in  a  prism  (6g.  85),  the  prolongations  of  the  normals, 
js  h  and  p'  A',  are  no  longer  piirallel,  but  are  directed  towards 
the  base  of  the  prism  ;  hence  the  ray  a  h,  following  the  laws  of 


refraction,  will  also  be  refiTicted  towards  the  base  both  on  enter- 
ing and  leaving  the  glass.  Therefore,  rays  jmsnng  through  a 
prism  are  refracted  towards  its  base. 

By  refraction  at  a  plane  surface  the  aclual  direction  of  rays 
is  changed,  but  not  their  relative  direction ;  thus  rays  which 
were  parallel  or  divergent  before  remain  parallel  or  divergent 
after  refraction.  This  results  from  the  fact  that  the  aonnale 
to  a  plane  surface  are  parallel  to  each  other. 

If  the  separating  surface  is  carved  (6g.  86),  the  normaU  are 
no  longer  jtarHllel,  but,  in  the  czise  of  a  spherical  sur&ce,  meet 
at  the  centre  of  curvature  ;  hence  rays  by  refraction  at  such  a 
Hurface  are  rendered  more  or  less  divergent,  according  as  they 
are  made  to  approach  or  recede  from  the  normals. 

We  will  consider  first  refraction  at  a  single  spherical  surface. 

I^et  C  D  (fig.  86)  be  u  portion  of  such  a  sur&ce  separating  the 
media  n  and  n',  of  which  n'  is  the  more  refracting,  and  let  k  be 
its  centre  of  curvature.  Tlien  lines  drawn  from  Jt  to  any  points 
in  c  D  will  constitute  normals  to  the  surface  c  D,  and,  since  rays 
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iriiiob  coincide  with  the  normal  are  unrefractedj  any  ray  which 
is  directed  to  Jc  is  unrefracfed — hence  k  is  called  the  optical 

centre — (it  coincideB  in  this  case  with  the  centre  of  cnrtatnre). 
A  line,  A  B,  joining  the  centre  of  C  D  {hj  with  k,  is  called  the 
■pri-ncipal  axis  of  the  surface ;  all  other  rays  which  pau  through 
t  are  called  secondary  axes. 

Let  a  A'  be  a  ray  parallel  in  n  to  the  principal  axis  a  b.  Draw 
the  normal  A'  it ;  then  at  the  point  k'  the  ray  a  k'  will  be  re- 
fracted towards  h'  k,  and  would  intersect  the  princi[>al  axis  a  B  at 
F,  In  the  same  way  any  other  ray  parallel  in  n  to  the  prin- 
cipal asis  would  intersect  it  at  F.  The  point  at  which  the 
rays  of  a  pencil  meet  after  refraction  is  called  a  focus.  The 
focus  for  parallel  rays  is  called  the  principal  focics.  The  dis- 
tance {h.F)  of  the  principal  focus  from  the  refracting  6ur&c» 
ia  called  the  principal  focal  diatance.  Kays  [mrallel  to  any- 
secondary  axis  are  focussed  on  that  axis  in  the  same  vertic^ 
plane  as  the  principal  focus;  this  plane  {FF")  is  called  th(K 
principal  focal  plane.* 

The  radius  of  curvature  (r)  of  the  refracting  surfiice,  and. 
the  relative  refracting  pow&r  of  the  two  media  {n  and  ti')  beinp 
known,  the  principal  focal  distance  F  can  be  found  by  thfr 
formula — 

<» ^=^ 

Rays  coining  from  n'  and  passing  into  n  are  of  oourM  sutjeol  Mt 
the  same  laws,  so  that  rays  which  are  parallel  to  the  principal  axis  iat 

'  It  woQid  be  moro  nccurately  represented  by  Uie  arc  ot  a  circle  hkli^  m 
■a  oeotre.  and  k  fat  mdius.  ^ 
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«'  will  have  their  focns  on  it  in  n ;  this  is  called  the  anterior  /ocua 
(F').  lU  distfi^ce  from  the  refhicting  surface  can  be  found  hy  tb« 
formula — 

(1«) ^=,7^- 

Now  let  a  njfk'  (fig.  87),  instead  of  being  parallel  to  the 
priaoipal  aria  a  b,  come  from  aome  point,  /,  on  it ;  niace  /A' 
diverges  from  a  b  it  meets  the  normal  k'  k  at  a  greater  angle 
than  if  it  were  parallel  to  A  K,  so  that  the  same  change  in  its 
direction  will  not  cause  it  to  intersect  xit  at  F,  but  at  some 
greater  distance,  f ;  and  any  other  rays  from  /  would  meet  at 
f.  Conversely,  if  we  considered  the  rays  us  starting  from  f 
they  would  be  focusaed  at  /,  hence  the  two  points  /  and  f  are 
■ud  to  be  conjugate  foci.  Conjugate  foci  are  situated  on  the 
■ame  axis.  The  principal  focal  distance  {F)  being  known,  the 
conjngate  focus  (f)  of  any  point  (/)  can  be  found  by  the 
formula — 


w  • 


provided  that  the  foci  are  on  opposite  sides  of  the  refracting 
aur&ce ;  the  case  in  which  they  are  both  on  one  side  will  be 
ooDBidered  presently. 


If  the  poeittons  of  it  And /' are  known,  the  oonjagate  focus  of^oAn 
also  be  found  by  construct  ion.  J>t*m  f,  it  (fig.  87)  pftraUel  toyA' ;  pro- 
long it  to  meet  the  principkl  focal  plane  at  F^  \  then  f,  F,  forms  a, 
■econdary  Axis.  Since/ V  is  parallel  in  n  to  the  seoondAry  (uda,y,  F,, 
It  will  after  refraction  intervect  the  hitter  at  the  principal  focal  plaoa 
F  F„  Le.  at  /*„  but  the  conjugate  foous  of/  must  lie  on  J  5 ;  i>rolong 
hi  F„  until  it  intersecta  A  B ;  and  the  point  of  inteneetion,/',  will  b» 
Mnjugate  focus  of/ 
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Both  from  the  formula  (2)  and  from  fig.  87  it  is  evident  that 
the  nearer/ is  brought  to  the  refracting  surface  the  fiiitherwill 
f  recede ;  when  the  distance  of  /  from  the  surface  is  equal  to 
twice  the  principal  focal  diatance  (/=2f ),/"  will  be  at  the 
same  distance  on  the  other  side ;  so  we  get  this  rule : 

When  conjugate  foci  are  at  equal  distoTicea  from,  the  ra- 
fractmg  aurface,  that  distance  is  double  that  of  the  priTicipal 
focus. 


i 


Iff  coincides  with  F",  the  rays  in  n'  will  be  parallel ;  if  it  I 
is  brought  still  nearer  to  the  refracting  surface,  as  in  fig.  88,  the  I 
rays  will  diverge  in  n',  and  therefore  would  only  meet  if  pro-  I 
longed  backwards,  so  that  the  conjugate  focus  of/  would  now  1 
be  on  the  same  side  of  the  refracting  surface  (f,  fig.  I 

The  conjugate  focus  of/  is  now  said  to  be  negative,  and  il  I 
a  virtual,  as  distinguished  from  a  real,  focus — i.e.  it  is  not! 
formed  by  a  meeting  of  the  actual  rays,  but  of  their  imaginai^l 
prolongations :  and  formula  2  must  now  be  altered  by  givinj 
the  minus  sign  tof,  so  that  it  becomes : 

'•  '  i'  /  f 

So  far  we  have  considered  refraction  at  one  spherical  s 
only ;  if,  however,  a  ray  passes  through  the  more  re&aotinj J 
medium,  and  again  emerges  into  the  less  refracting,  it  is  i 
fracted  again  at  the  second  surface. 

Lenses  are  portions  of  n  highly  refracting  substance,  gOU^ 
rally  glass,  having  one  or  both  surfaces  curved.  Those  mth 
which  we  shall  deal  at  present  are  biconvex  and  biconcave,  and 
their  surfaces  are  portions  of  a  sphere ;  they  are  therefore  called 
spherical  lenses ;  later  on  we  shall  have  to  deal  with  cylindrical 
lenses. 
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A  biconvex  Inn  retiders  rays  less  divergent,  and  a  bi- 
I  concave  renders  them  •more  divergent,  at  both  aur/acea. 

If  parallel  before  refractioD,  tbe  convex  lens  will  render 
I  them  convergent,  and  the  concave  divergent. 

Tbe  above  rule  as  to  tlie  action  of  lenses  only  applies  if,  as  is 
I  Bsually  the  case,  the  material  of  the  lens  ia  more  refracting  than  the 
I  medium  in  which  it  is  placed ;  if  these  conditions  are  reversed,  tho 

■  emivex  lens  becomes  a  diverging  and  the  concave  a  converging  lens. 

■  iDivers  sometimes  use  spectacles  in  which  the  lenses  are  formed  of 
)  air,  i.e.  they  are  composed  of  two  curved  plates  of  glass  inclosing  a 

javity  which  is  the  shape  of  a  concave  lemi  and  contains  air.     A  oon- 
L  gave  air-lens  of  this  nature,  when  used  ia  water,  has  tbe  same  effect 
a  convex  glass  lens  in  air.     In  air  it  woidd  have  no  action. 

In  a  bi-spherical  lens,  the  principal  axis  is  the  line  joining 
the  centres  of  curvature  of  the  two  surfaces  (c  c',  fig.  89). 


^_^th< 


In  considering  refraction  at  a  single  sarface,  we  saw  that  rays 
vhich  passed  through  the  optical  centre  (which,  in  that  case, 
coincided  with  the  centre  of  curvature)  underwent  do  change  of 
direction ;  in  double  refraction,  tbe  only  ray  whose  course  re- 
mains absolutely  unchanged  ia  the  one  which  coincides  with 
the  principal  axis  ;  for  every  bi-spherical  lens,  however,  there 
are  two  '  nodal  points '  (k'  it',  fig.  S9),  whose  relation  to  each 
other  is  rach  that  a  ray  which  ia  directed  to  the  one  before  re- 
fraction is  directed  to  the  other  after  refraction,  and  its  course 
is  then  parallel  to  its  prerious  direction.  The  ray  a  h  (fig.  89) 
therefore  undergoes  parallel  displacement ;  it  is  evident,  how- 
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ever,  that,  except  in  very  thick  lenses,  or  with  great  obliquity  oT 
the  incident  ray,  a  very  trifling  difference  woald  he  made  by 
drawing  the  ray  throogh  a  point  o  between  the  nodal  points. 
Such  a  point  constitotee  the  Optical  Centre,  and  rays  which 
pssa  throngh  it  may,  for  all  practical  purposes,  be  considered 
to  undergo  no  change  in  their  direction,  and  to  constitute 
eecondary  itxes. 

The  principal  focua  of  a  bispherical  lens  is  found  by  the  fol- 
lowing formula,  r  being  the  radius  of  the  first  surface  and  v' 
that  of  the  second,  and  n'  and  n  the  refractive  indices '  of  j 
the  material  of  which  the  lens  is  made,  and  of  the  medium  I 
in  which  it  is  placed,  respectively : 

(3)     .     .     .     .      1,=  („•-»)  (l  +  ^I). 

In  most  bispherical  lenses,  the  curvature  of  both  surfaces  is  I 
the  same  ;  and,  as  the  index  of  refraction  of  glass  is  approxi-  j 
mately  1*5,  and  that  of  air  is  1*0,  the  formula  becomes; 


1  _(]-5-l)2 


;  ox  F= 


that  is  to  say,  in  bispherical  lenses  with  similar  surfaces  the 
principal  focal  distance  is  equal  to  the  radius  of  curvatiure. 

Conjugate  foci  are  found  by  formulte  (2)  and  (2  a),  aa  in 
single  refraction. 

At  the  conjugate  focus  of  any  point  an  exact  image  of  the 
point  is  formed.     When  the  image  is   formed  by  the   actual 
meeting  of  the  rays  it  is   said  to  be  real,  when  it  is  only 
formed  by  an   imaginary  prolongation  of  the  rays  it  is 
to  be  virtual. 

The  image  of  an  object  is  the  sum  of  the  images  of  all 
points  of  the  object.  The  position  and  size  of  the  image  catt 
therefore  be  found  by  iinding  the  position  of  the  conjugata 
focus  of  the  extreme  jwints  of  the  object.  For  the  images  at 
all  the  other  points  of  the  object  will  lie  between  these,  and  in 
the  same  focal  plane. 

As  rays  coming  from  any  point  on  an  axial  ray  are  focnssed 
«n  the  same  axis,  and  aa  the  course  of  the  latter  is  not  changed, 

'  The  index  □(  rcfractjon  of  Any  substaaoe  ia  il«  refracUre  poiror  m  oom- 
pared  with  that  of  air,  Ibe  latter  being  cxprcifaed  liy  unit/. 


I 
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it  follows  tbat  the  size  of  the  image  in  relation  to  that  of  the 
object  is  the  same  as  the  relation  of  their  distances  from  the 
optical  centre.' 

Exaviples. — If  the  object  (a  6,  fig.  90)  be  situated  at  more 
than  twice  the  principal  focal  distance,  the  image  (6'a')iBGma]ler 
than  the  object,  real,  and  inverted. 

If  situated  at  twice  the  principal  focal  distance,  it  is  of  the 
aame  size,  real,  and  inverted. 


If  the  object  is  beyond  the  principal  foeal  distance,  but  at 
lessjthan  twice  that  distance,  the  image  is  larger  than  the 
object,  real,  and  inverted.  This  will  be  seen  if,  in  fig.  90,  a'b' 
is  considered  as  the  object,  and  a  6  as  the  image. 

If  situated  at  the  principal  fbcns  (fig.  91j,  the  rays  would 
be  parallel,  and,  as  they  would  never  meet,  no  image  would  be 
formed. 


J 


If  nearer  etill  (fig.  Q!i),  tlie  rays  would  be  divergent^  and 
would  therefore  only  mi.-et  when  prolonged  haclnoarda ;  the 
image  is  therefore  larger  than  the  object,  virtual,  and  erect. 
Such  an  image  could  only  be  seen  by  looking  through  the 
lens. 

■  8tiia]jr  (paBldng,  m  Um  dUUaoe  of  the  Inuge  and  Uie  object  rMpeoUMljr 
fcom  titu  itedaiftUU  wfaicb  la  rituBted  on  tl;e  mm  ilile  ot  tlw  i^iol  eentn. 
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With  a  concave  lens  (fig.  93)  the  image  is  always  smaller' 
than  the  object,  virtual,  and  erect. 

^\ten  the  image  is  real  it  can  be  projected  on  to  a  Bcreen, 

but  this  cannot  of  coiu-.Be  be  done  with  virtual  iinagep,  wbich  1 
can  only  be  seen  by  looking  through  the  iena. 


Spherical  ahemUton. — We  have  hitbei'to  assamed  that  n.yt  coming 
from  any  point  we  accurately  fooussed  in  a  point;  this  is,  however, 
only  true  of  those  which  fall  upon  the  refracting  surface  at  no  great 
diEtance  bova  its  principal  axis.  As  long  as  the  aperture  of  a  Iena 
(i.e.  the  angle  formed  by  lines  drawn  from  it«  edges  to  the  principal 
focus)  does  not  eiuieed  12°,  the  error  from  this  sourca  may  be  dine- 
garded.  But  rays  which  fall  upon  the  refracting  surface  beyond  tiua 
limit  are  refracted  more  powerftdly  than  the  more  central  rH}-a ;  this, 
which  ie  called  tphtrical  aberration,  causes  slight  loss  of  definition  in 
an  image ;  ft  can  be  ovei'come  in  optical  inatniment«  by  the  use  of 
diaphragms,  by  employing  refracting  sur&cee  whoa©  curves  are 
parabolic,  and  by  a  combination  of  lenses. 

Chromatic  Abfrration. — Impaired  definition  of  the  image  also 
arisee  from  the  fact  that  all  the  constituents  of  colourless  light  an 
not  equally  re^-acted  ;  thus  the  red  waves  are  the  least,  the  violet  the 
most  refractile.  (See  Chapter  X,)  If  an  image  of  a  brightly  illu- 
minated white  spot  be  formed  on  a  Rcreen  by  a  lens,  the  oentnd  part 
will  be  white  because  there  all  the  rays  are  combined,  but  the  edge 


J 


I  Trill  be  fiinged  with  colour;  thia  is  called  chromatic  nieri-afioa,  and 
^  overcome  in  optical  instruments  by  using  a  combination  of  lenMs 
lOompcn^  of  ilifierent  materinls. 
P 
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\  Section  IT, — The  Eye  cossipered  as  an  Optical  Instrument. 


For  difitinct  vision  three  factors  must  be  associated :  ( I )  well- 
I  ilefiaed  imager  of  external  objects  must  be  formed  on  the  retina 
1  «t  the  posterior  pole  of  the  eye. 

(2)  The  nervous  elements  of  the  retina  which  correspond 
I  to  this  image  must  be  stimulated,  and  the  effect  be  conducted 
[  to  the  brain. 

(3)  The  mind  must  be  able  to  interpret  correctly  the  im- 
pressions thus  received.  The  first  is  the  result  of  the  optical 
properties  of  the  eye,  and  with  it  alone  we  are  here  concerned. 

The  eye  is  a  closed,  nearly  spherical,  chamber,  measuring 
22*2  mm.  in  its  antero-post«rior  diameter.  It  is  almost  imper- 
vious to  light  except  in  front,  where  it  is  closed  in  by  a  trans- 
\  parent  membrane,  the  cornea,  which  is  more  sharply  curved 
than  the  ojjaque  portion  of  the  iuvesting  tunic,  having  a  radins 
of  curvature  of  nearly  8  mm. 

The  opaque  portion  of  the  sphere  is  formed  by  a  firm  fibrouc 
membrane,  the  sclerotic,  whose  structure  is  continuous  with 
that  of  the  cornea.  This  is  lined  by  an  extremely  vascular 
1  membrane,  the  choroid,  and  this  again  by  a  layer  of  nervous 
■  tissue,  the  retina,  which  is  an  expansion  of  the  optic  nerve. 
}  The  latter  enters  the  eye  a  little  to  the  inner  side  of  its  posterior 
I  pole  through  an  aperture  in  the  sclerotic  and  choroid. 

The  eye  contains  a  transjiarent  fluid,  the  aqueous  humour, 
■"Wid  a  transparent  gelatinous  substance,  the  vitreous;  the  re- 
ft "^active  indices  of  these  are,  however,  almost  the  same,  and  for 
l«ptical  purposes  they  may  be  considered  as  a  single  medium, 
liiaTiiig  an  index  of  refraction  of  1-337. 

Since  the  surfaces  of  the  cornea  are  parallel,  rays  passing 
through  it  alone,  from  air  on  the  one  side  into  air  on  the  other, 
would  merely  undergo  parallel  displacement.  Its  tliickneBS 
may  therefore  be  disregarded,  and  it  may  be  looked  upon  na 
the  surface  of  separation  between  the  air  and  the  intraocular 
fltiida.  If  this  constituted  the  whole  of  the  refracting  system 
of  the  eye,  as  it  does  after  the  operation  of  cataract  extraction. 
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its  principal  focal  distance  calculated  by  formula  (1)  would  b» 
about  31  '5  mm. ;  but  suspended  in  the  eye,  between  the  aqueous 
and  the  vitreous,  is  a  biconvex  lens  of  still  more  highly  refract- 
ing substance;  this  is  placed  in  the  eye  in  such  a  position  tliat 
its  optical  centre  is  5"8  mm.  beliind  the  anterior  surfece  of  the 
cornea.  The  effect  of  this  combination  is  such  that  the  prin- 
cipal focus  for  the  whole  eye  is  22-2  mm.  from  the  cornea,  that 
is,  on  the  retina.  The  following  are  the  optical  constants  of 
the  normal  eye  which  are  the  most  important  (Hehnholtx): 

Radius  of  curvature  of  cornea  .8 

„        anterior  surface  of  lens  .  10 

„        posterior  surface  of  lens                 .  .         .  .     G 
Distiuiae  from  interior  surface  of  cornea  : 

To  anieriot  surface  of  lens .  3'6 

To  posterior  8  lirfaoe  of  lens    ....  .  TM 

To  principal  focal  point          ....  ,  .  22-2 

The  nodal  points  are  only  0*4  mm.  apart,  and  may  be  re- 
placed by  an  optical  centre  situated  at  the  posterior  surface  of 
the  lens. 

The  port  of  the  retina  which  is  most  sensitive  is  that  known 
as  the  'yellow  spot,'  and  for  accurate  vision  it  is  necessary  that 
the  retinal  image  fihould  be  formed  on  this.  This  t^t  is  situated 
a  little  to  the  outer  side  of  the  point  where  the  optic  axis — a 
line  drawn  through  the  centre  of  cornea  and  the  optical  centre 
to  the  posterior  pole  of  the  eye — cuts  the  retina  (a  b,  fig.  94). 

The  line  which  passes  from  the  yellow  spot  through  the 
optical  centre  is  called  the  visual  line  (v  v\  because  an  object 
most  be  situated  on  it  for  its  image  to  fall  on  the  yellow  spot. 
The  angle  which  the  visual  line  makes  with  the  optic  axis  ia 
called  the  angle  a  ;  it  varies  somewhat,  but  in  normal  eyes  its 
average  magnitude  is  3°  or  4°. 

The  dioptric  system  of  the  eye  cossists,  then,  of  three 
refracting  surfaces — the  cornea,  and  the  anterior  and  the  jtos- 
terior  surfaces  of  the  lens — and  of  three  refi-acting  media — the 
aqueous,  lens,  and  vitreous;  the  first  and  third,  however,  have 
the  same  index  of  refraction.  Rays  entering  the  eye  are  re- 
fracted at  each  of  the  three  refracting  sur&ces,  each  refraction 
rendering  thera  more  convergent.  In  front  of  the  lens  is  the 
iris,  which  forms  a  dinphragm  whose  aperture  can  be  varied. 
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Schematic  Ey. — It  is  essentia.!  for  dingramtnatic  purpones  to  sim- 
]ilify  these  chaogcH  in  the  direction  of  the  rays  without  (iltei-ing  th'' 
final  result  of  the  refraction.     For  this  purpose  the  reduced  eye  of 
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Prof.  Donders  is  extremely  useful  (fig.  94).  It  in  supposed  to  contain 
only  ODe  refracting  medium,  whose  index  of  refraction  is  to  that  of  air 
a»  4  to  3,  and  to  have  only  one  refracting  surface — the  wrnea.  Its 
dimensioDs  Are  as  follows.  The 
radius  of  curvature  of  the  cornea 
is  5  mm.  and  its  centre  of  curva- 
ture, it,  of  course  coincides  with 
the  optical  c«ntre  of  the  eye.  The 
length  of  llie  eye  from  cornea  to 
posterior  pole  is  20  imn.  By  for- 
mulae 1  and  la  (p.  314) /'=20  mm. 
and  F'=\h  mm.  The  size  of 
retinal  images  formed  in  such  an 
eye  does  not  difTei-  much  from  that 
of  those  formed  in  the  natorHl 
eye — being  ^i',,  less. 

Artifieiai  Syf. — For  practical 
ejiperimento  in  connection  with 
refraction  it  in  often  neccfisaiy  to 
use  an  artificial  ey^i,  and  several 
elabomte  and  expensif-e  instru- 
ments have  l>een  constructed  for 
this  porpoee.  In  many  instances 
ft  convex  lena  to  replace  the 
dioptric  system  of  the  eye,  and 
ft  Kteen  with  some  amogemeDt 
by  which  its  distance  from  the 
lens  din  be  alter*^,  answers  the 
'xperimentA  in  which  greater  accuracy  \%  retgiiired,  the 
[lensive  artificial  eye,  shown  in  fig.  U5,  will  be  found 


FlO.  86/— From'B  Artificial  Ejre, 


puTpoM.     For 
simple  and  ini 


SSJlOJiS  OF  JtEFSACTJOX. 

very  useful.  The  dioptric  syBtem  of  the  eye  is  repreeented  by  n  bi- 
convex lens  of  40  mm.  focus.  I mmeij lately  in  front  of  this  is  &  disc 
coutoining  diuphni^tDS  of  several  sizes,  to  represent  different-eieed 
pupils.  By  means  of  a  rack  and  pinioD  the  length  of  the  eye  cftn 
be  varied  between  30  and  G5  mm.,  the  distance  of  the  retina  from 
the  posterior  nodal  point  beinj;  shown  by  an  index  on  a  scale. 
There  are  two  surfaces  to  i-ejiresent  the  retina ;  the  one,  a  ground 
glass,  divided  into  millimetres — so  tliat  the  formation  of  ima^  can 
lie  seen  and  their  sire  measured;  the  other  painted  to  represent  a 
normal  fundus.  In  front  of  the  lens  are  two  fised  clips  A  and  B, 
placed  respectively  at  5  and  10  mm.  from  the  anterior  nodal  point, 
while  a  third  (c)  clip  travels  on  a.  gniduateii  bar  which  can  iteelf  be 
lengthened,  shortened,  or  removed,  and  is  constructed  to  hold  a  lena, 
test  object,  or  a  ground-glass  sci-een. 

Accommodation.— Treabyopift. —  So  far  the  eye  has  been 
described  aa  a  passive  instrument  in  which  images  of  distant 
objects  only  can  be  formed  with  any  clearness  on  the  retina,  for 
the  latter  is  placed  at  the  principal  focus  of  its  dioptjic  system. 
The  eye,  however,  possesses  the  means  of  increasiog  its  refirac- 
tive  power,  and  so  adapting  itself  for  near  objects.  The  crys- 
talline lens  is  composed  of  a  somewhat  elastic  substance,  and  it 
is  suspended  in  its  position  by  a  membrane — the  suspensory 
ligament — which  is  stretched  tightly  across  the  eye  near  the 
junction  of  the  cornea  and  sclerotic,  and  attached  to  the  capsule 
of  the  iens.  By  the  tension  of  this  membrane  the  lens  is  made 
to  assume  a  flatter  shape  than  it  would  if  left  to  itself.  By 
the  action  of  the  ciliary  muscle  (see  p,  119),  the  suspensory 
ligament  is  relaxed,  and  the  natm^  elasticity  of  the  lena  tien 
causes  it  to  become  more  convex,  the  greatest  change  taking 
[ilace  in  the  form  of  its  anterior  surface.  This  muscular  act, 
which  is  called  accommodation,  because  by  it  the  eye  is  ac- 
commodated for  near  objects,  has  always  associated  with  it  n 
contraction  of  the  pupil,  which  prevents  the  most  divergent 
rays  from  entering  the  eye. 

As  age  advances,  the  substance  of  the  lens  becomes  less 
elastic,  and  the  same  muscular  effort  does  not  then  produce  so 
great  an  increase  in  its  convexity.  At  the  age  of  ten  the 
accommodation  is  sufficiently  powerful  for  an  object  to  be 
clearly  seen  at  7  cm,  (2J  in.),  but  after  this  it  gets  gndnally 


I 


I 


ACCOMMODATIOy.— PRESS  rOPIA.  325 

weaker,  so  that  the  nearest  point  of  distinct  vision  (often 
uritten  p.p.,  puTtctum  proximum)  recedes  further  and  further 
from  the  eye,  until,  at  the  age  of  seventy-five,  all  accommoda- 
tion is  lost. 

A  knowledge  of  the  strength  of  accommodation  proper  to 
each  period  of  life  is  necessary  in  order  that  any  departure  from 
the  normal  condition  of  this  function  may  be  recognised. 

In  the  following  table,  opposite  each  age,  is  placed  in  the 
first  column  the  strength  of  the  lens,  in  dioptres,  which  is 
equivalent  to  the  maximum  amount  of  accommodation  winch 
can  be  used,  and  which  therefore  expresses  the  amplitiule  of 
aocommodatum,  or  the  difference  between  the  refractive  power 
of  the  eye  when  adapted  for  its  '  far-'  and  '  near-points.'  In 
the  last  two  columns  are  given  the  distances  of  the  '  near-point ' 
in  centimetres  and  inches.  It  will  be  seen  that  the  position  of 
the  latter  coincides  in  each  case  with  the  focus  of  lens  which 
represents  the  amplitude  of  accommodation. 

Tailr  nf  Amplifvdtt  a/ AeettHmtutoHoit  (fivm  LandaW), 


I 


When  the  nesr-point  recedea  &rther  tban  S5  cm.  (10  la.) 
reading  &c.  becomes  difficult,  because,  at  the  distance  at 
which  the  book  is  ordinarily  held,  the  whole  accommodation 
available  has  to  be  used,  and  hence  fatigue  is  soon  experienced  ; 
while  if  the  book  is  held  further  away,  only  large  print  can  be 
read,  because  of  the  diminution  in  the  size  of  the  retinal 
images. 

When,  owing  to  the  ^lure  of  accommodation,  the  'near- 


ERRORS  OF  REFRACTION. 

point'  has  receded  beyond  22  cm.  (9  in.),  the  conditioB  is 
called  presbyopia  (aged  sight),  and  its  effects  are  obviated  by 
supplementing  the  accommodation  by  convex  spectaclcB  of  sach 
a  strength  as  to  bring  the  near-point  back  to  22  cm.  If  the 
refraction  of  the  eye  is  normal,  the  lens  which  will  be  required 
to  do  this  will  depend  on  the  age  of  the  patient.  The  presby- 
opic correction  proper  to  any  age  can  be  found  by  ascertaining 
the  difference  between  the  amplitude  of  accommodation  which 
corresponds  to  that  age  and  4-5  D.,  wliich  is  the  amount  re- 
quired to  bring  the  near-point  to  22  cm.  A  useful  practical 
rule  to  remember  is  to  add  1  D.  for  everj'  five  years,  beginning  at 
forty-five ;  beyond  the  age  of  sixty,  however,  this  does  not  hold  , 
good.  If  the  refraction  is  not  normal,  it  must  be  corrected  first, 
and  then  the  presbyopic  correction  added  to  the  glass  which  is 
required  for  this  purpose.  In  cases  where  the  patient  requires 
to  see  at  his  work  at  a  greater  distance  than  that  at  which  a 
book  is  generally  held,  glasses  slightly  weaker  than  would 
correct  the  presbyopia  must  be  given ;  in  such  cases,  however, 
the  patient  is  generally  the  best  judge.  This  subject  will  be 
referred  to  again  in  a  later  section, 

Opticai  D'ftc^s  of  Uit  Norimd  Eye. — The  eye  is  eometimes  spoken 
of  as  if  it  were  a  perfect  optical  instrument ;  this,  however,  is  very  Enr 
from  bein);  the  case.  It  is,  it  is  true,  wonderfully  well  adapted  to  its 
purpose,  for  the  range  of  its  vision  ext«nda  in  a  straight  line  from  a 
few  inches  from  the  eye  to  an  infinite  distance,  whilst,  with  the  eyes 
directed  forward,  objects  citn  lie  seen,  although  indistinctly,  which  lie 
M  much  as  90°  on  lioth  sides  of  the  head,  and  this  lateral  range  can 
be  increased  still  further  on  either  side  by  a  movement  of  the  eyes — 
the  head  remaining  fixed,  and  of  course  to  a  much  greater  extent  by 
movement  of  the  latter.  The  perfect  adaptation  of  the  eye  to  all  the 
requirements  of  vision  does  not  depend  so  much  on  it«  perfection  as 
an  optical  instrument  as  on  its  ti«e  mobility,  the  great  sensibility  of 
the  retina,  and  the  readiness  with  which  tlie  mind  int«rpret8  the  im- 
preseions  conveyed  to  it. 

Spherical  aberration  is  to  a  greot  extent,  but  not  entirely, 
obviated  by  the  iris,  and  chromatic  aberration  is  considerable.  The 
oomea  is  not  a  perfectly  spherical  siu-face,'  for  ite  vertical  meridian 

'  Strietl;  speakiog.  the  comM  is  not  »  portion  of  a  spherioal  siufaeB  at 
nil,  but  forma  the  eitrcmity  of  an  cllipMi.  A  imall  lurole  described  on  Um 
blunter  extremity  of  an  egK  wou1<1  ^ve  n  ^ood  idea  of  it«  tonn. 


I 
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f  ^nemlly  has  a  shorter  railiiui  of  curvature  than  the  horiMntal.  In 
I  consequence  of  this  few  |>eople  see  vertical  and  hoi-izontil  liuee  with 
I  '^uito  equal  clearness.  'Die  media  of  ihe  eye,  mureover.  tire  nut  per- 
f  fectly  clear,  for  in  tlie  lens  are  utunerouu  strife  and  ^pots,  besides  the 
I  tegularly  radiating  Btriie  which  mark  its  diviaon  into  Bectors,  and 
I  in  the  vitreous  are  a  large  niunbei-  of  floating  cella  and  fibres.  All 
I  -these  structures  can  be  brought  into  view  by  tlirowing  light  into  the 
I  -eye  in  an  auusnul  manner  so  that  their  shadows  are  formed  on  a 
I  part  of  the  retina  anafciistomed  to  them.  The  retina,  too,  does  not 
I  form  a  continuous  surface  for  tlie  reception  of  visual  impresaion,  for 
I  beudee  the  large  hiatus  formed  by  the  entrance  of  the  o|iiic  nerve— 
I  the  '  blind  spot ' — the  blood-vessels  of  the  retina  itself  [ass  in  front  of 
r  its  sensitive  elements  and  cause  linear  gaps  in  the  vbiial  field. 
W  The  Mnsibility  of  the  retina  varies  very  greatly  at  <lifrerent  parts. 
I  ^80  great  is  it  at  the  oenti'S — the  fovea  centralis — that  the  nverage  eye 
l-ttn  distiDguisb  two  points  if  they  are  sepai'ated  by  an  angular 
I  Aeasui'euent  of  only  one  minute,  while  many  eyen  can  do  the  same 
I  with  a  somewhat  smaller  angle ;  but  from  thin  point  towards  the 
I  jieriphery  its  sensibility  rapidly  diminishes,  owing  to  the  greater 
I  scarcity  of  the  cones,  so  that  an  an  object  is  moved  towards  the 
I  peripheral  part  of  the  visual  field,  its  colour  is  first  lost  and  then  its 
I  ibrm,  although  a  visual  impreeeion,  sufficient  to  indicate  the  presence 
I  of  the  object  and  its  position,  remains  longer. 

I  The  eye  can  be  so  readily  directed  towards  an  object,  so  that  its 
I  linage  blls  on  the  fovea  centralis,  that  this  indistinct  lateral  vision  is 
I  all  that  IB  really  required  for  practical  purpoaen ;  while,  owing  to  our 
I  TJBual  impressions  being  formed  tks  the  result  of  experience,  we  notice 
I  tbe  defeeta  in  the  visual  field  so  little  that  most  people  ai-e  quit«  un- 
w  AWare  that  they  have  in  each  field  a  gap  sufficient  to  include  a  man's 
I  Itead  at  a  distance  of  iseven  feet. 

I  Tifoal  angls. — It  will  be  seen  from  what  has  preceded  that 
I  the  distance  between  the  retinal  ima^s  of  any  two  points  wilt 
\  idepend,  not  only  on  the  distance  of  the  two  points  from  each 

■  '«ther,  but  also  un  their  distance  irotn  the  eye. 

Thus,  in  fig.  9fi,  the  retinal  image  b'a'  would  occupy  the 
same  position  at  whatever  points  on  the  lines  «  a'  and  b  b'  tliK 
points  a  and  b  were  8itiiat«d  ;  and  if  a  and  b  were  the  terminal 
points  of  an  object  a^),  the  retinal  image  of  tbe  object  would 
he  of  the  same  aiee  as  long  as  it  subtended  the  angle  itkb. 
The  angle  made  by  the  axial  niys  firomlhe  terminal  points  of 
object  at  the  optical  centre  ia  railed  the  ■■«>«(/  angle.    The 
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size  of  the  retinal  image  of  u-ii  object  is  in  direct  proportira^ 
tlieviBiial  angle  under  which  it  is  seen  ;  therefore,  objects  which 


Fia.  HG. 
are  aeen  under  the  same  visual  angle  have  retinal  images  of 
the  same  size. 

Tiinal  acuteness. — It  is  essential  to  have  a  standard  of  nor- 
mal vision,  and  some  method  of  eiq>re88ing  numerically  de- 
partures from  it.  Thia  is  very  conveniently  supplied  by  Snellen's 
teat  types,  which  are  those  in  ordinary  use  in  thia  country,  and 
of  which  a  copy  will  be  found  at  the  end  of  this  book.  These 
consist  of  letters  of  various  sizes,  the  strokes  of  which  the 
letters  are  formed  being  in  every  case  a  fifth  of  the  diameter  of 
the  lett«r.  The  smallest  letters  are  9  mm.  in  diameter,  and  at 
6  metres  are  therefore  seen  under  a  visual  angle  of  five  minutes 
(3") ;  while  each  component  stroke  is  seen  under  an  angle  of 
one  minute.  This  has  been  found  to  be  the  smallest  visual 
angle  under  which  the  majority  of  healthy  eyes  can  recognise 
an  object.  If,  therefore,  the  row  of  smallest  letters  can  be 
distinctly  seen  at  6  M.,  the  visual  acuteness  is  said  to  be 
normal,  or  it  may  be  expressed  as  V=  1. 

Each  row  of  letters  has  a  number  indicating  the  distance  at 
which  it  must  be  placed,  in  order  to  be  seen  under  a  visual 
angle  of  5",  and  the  visual  acuteness  may  be  conveniently 
expressed  by  a  fraction,  the  numerator  of  which  is  the  distance- 
in  metres  at  which  the  letters  are  situated,  and  the  denomi- 
nator the  distance  at  which  the  smallest  letters  which  can  b& 
read  would  make  a  visual  angle  of  5  minutes. 

For  example:  (1)  Standing  at  6  M.,the  smallest  letters ar& 
read  V=\.  (2)  But,  if  at  6  M.  the  smallest  letters  which  cao 
be  read  are  those  whkh  would  make  a  visual  angle  of  &'\ 
if  removed  to  12  M.,  it  is  evident  that  the  nsual  acuteness  la 
inly  half  that  of  the   normal  eye,    V=-^^^.     (3)  The   lettere-. 
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liich  should  be  seen  at  60  M.  cannot  be  read  until  they  are 
I  brought  as  near  as  3  M.,  V=-^,  and  so  on. 

In  this  country  the  distance  is  often  espresaed  in  feet  instead 
I  of  in  metres. 

The  following  table  shows  the  relation  between  the  two 
B  of  notation : 

fi  _  BO 
ei7  — 3  415 
6  ^_2o 
35  — "OO 


4t  =IS 


{■h%) 

(U) 

m) 


t  =5ii^ 
'1  _  a  '1 
11—30 

le  types  used,  however,  often  do  not  correspond  eiactly  with 
\  those  of  Snellen,  and  letters  which  correspond  more  closely  to 
the  figures  in  brackets  in  the  third  column  are  more  generally 
employed. 

Besides  the  test  types  just  describedf  there  are  others  which 
I  form  B  continuous  series  with  them,  and  which  are  adapted  for 
k  distances  ranging  from  5  M.  to  0-50  M.  These,  for  distinction, 
I  tre  called  Reading  Types,  and  a  sample  of  them  will  alao  be 
iound  at  the  end  of  the  book.  They  are  not  so  well  adapted 
for  testing  the  visual  acutene$s  as  the  distance  types,  as  for 
near  objects  the  accommodation  must  be  used,  and  a  defect  due 
to  weakness  of  the  Utter  might  be  mistaken  for  diminished 
I  aeuteness  of  vision.  Objects,  on  the  other  hand,  held  near  the 
l^e  are  rather  more  easily  re<?ognised  than  more  difstant  ones 
which  are  seen  imder  the  same  visual  angle,  because  the  amount 
of  light  entering  the  eye  in  the  former  case  is  proportionately 
greater ;  for,  while  the  size  of  the  retinal  image  varies  directly 
^^^B  u  the  distance,  the  amount  of  illumination  varies  as  the  square 
^^^B  of  the  distance.  Notwithstanding  this  source  of  error,  the 
^^^H  iwding  types  oft«n  form  a  very  convenient  rough  t«8t  of  the 
^^^H  vimal  acuteuess.  In  this  country  Snellen's  reading  types  are 
^^^1  Imb  used  than  those  of  Jaeger,  which  are  not  arranged  on  any 
^^^1  Mnentific  plan,  but  are  simply  ordinary  print«r'B  type*  of  various 
^^^V  alses  fn)ni  'Brilliaut  'to  *  8-line  Komiin,'  nnnibered  consecutively^ 
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Section  III. — Errors  of  Refraction. 

We  have  seen  that  in  the  normal  eye  the  retiaa  is  placed  at 
the  principal  focus  of  the  dioptric  sjBtem ;  it  is  evident  that 
this  condition  may  be  departed  from  in  either  of  two  directions, 
and  that  the  retina  may  be  either  beyond  the  principal  focus  of 
the  dioptric  system — Myopia  (m,  6g.  97),  or  in  front  of  it — 
Hjfpermetropia  (h).  The  normal,  or  mean,  condition  in  called 
Emmeiropia,  while  any  departure  from  this  is  cal\ed  Ametropia . 


It  must  be  understood  that  in  speaking  of  the  refraction  of 
an  eye  the  accommodation  ia  always  assumed  to  be  relaxed. 
(i.)  Hyopia  (m,  fijrs.  97    and    98),  beinij  the  condition  in 


which  the  retina  lies  beyond  the  princtjjal  focus  of  the  dioptric 
sjratem,  may  be  due  (1)  to  the  antero-posterior  axis  of  the  eye  , 
being  too  long,  or  (2)  to  the  refraction  of  the  eye  being  too 
great.  The  first,  which  is  called  axial  myopia,  is  by  fiir  the 
most  common ;  the  second,  refractive  lAyopia,  may  be  due  to 
an  increase  in  the  refractive  power  of  the  nucleuH  of  the  crys- 
talline lens,  and  is  sometimes  met  with  in  the  early  stages  of 
nuclear  cataract. 

Owing  to  tonic  spasm  of  the  ciliaiy  muscle,  an  eye  is  some- 
times maintained  in  a  state  of  accommodation  for  a  near  point. 


A 
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f  This  condition  ie  not  myopia,  although  often  difficult  to  distin- 
I  ^iiiah  from  it,  for  the  refraction  of  an  eye  must  he  estimated 
]  from  its  condition  vhen  the  accommodation  is  relaxed. 

Since  the  retina  lies  beyond  the  principal  focus  of  the  dioptric 
I  system  of  the  eye,  rays  &om  any  point  (a,  fig.  99)  on  the  retina 
P  Ao  not  leave  the  eye  parallel,  as  in  cmmctropiii,  hut  converging 


I  ^compare  fig.  90  on  p,  319),  and  they  will  therefore  meet  at  a 

I  focus  (o')  in  front  of  the  eye.     Conversely,  the  only  rays  which 

L  can  come  to  a  focus  on  the  retina,  while  the  accommodation  is 

[  at  rest,  are  diverging  rays  from  points  which  lie  in  the  same 

[  plane  as  a',  as,  for  instance,  b'.     Since  rays  coming  from  a'  and 

V  come  to  a  focus  at  a  and  b  respectively,  it  follows  that  a 

retiuitl  image  would  be  formed  of  any  object  of  which  a  and  b 

were  the  terminal  [wints. 

If  the  accommotlation  were  used,  rays  which  were  more 
divergent — i.e.  coming  from  a  nearer  point  than  o'^-conld  be 
brought  to  a  focus  on  the  retina  ;  but  under  no  circumstances 
could  this  oieur  with  those  which  are  less  divergent,  i.e.  coming 
from  a  greater  distance  than  a'.  For  this  reason  a'  ia  called 
the  *  far-point '  of  the  eye,  as  it  is  the  farthest  point  of  distinct 
vision.  The  fer-jioint  (often  written  p.r^  puTictum  remotum ) 
may  be  defined  as  the  conjugate  focus  of  the  yellow  spot ;  in 
emmetropia  it  is  at  infinity,  for  the  rays,  being  parallel,  would 
never  meet ;  in  myopia,  as  we  have  just  seen,  it  is  poeitive  and 
finite. 

Not  only  is  an  image  of  an  object,  which  is  situat«d  at  the 
far-point  of  a  myopic  eye,  formed  on  the  retina,  bat  a  real 
inverted  image  of  the  fundus  is  formed  at  the  far-point 
(see  p.  315). 

The  refider  will  do  well  to  verify  tlie  preceding  HUtnments  by 
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experimenta  with  the  artificial  eye  (p.  323).     Affix  the  glass  retina  and 
render  tlie  eye  myopic  by  leugthening  it ;  its  fAr-poiiit  can  then  be 

found  by  formula  {2) : -t.^-v+tt    (p*g8  315),  and  it  will  be  seen 

^  ./  -' 
that  a  clear  image  of  any  object  Ik  only  formed  on  the  gla.-iB  retina  when 
that  object  is  situated  ut  the  'fur-point.'  Next,  place  a  light  behind 
the  eye  and  a  ground-glass  screen  on  the  movable  clip  (c) ;  it  wilt  be 
found  that,  when  the  ground  glass  is  at  the  far-point,  a  distinct  in- 
verted image  of  the  mtirkings  on  the  gloss  retina  is  formed  on  it.  If 
the  screen  be  now  i-emoved  the  image  is  formed,  and  can  be  seen,  in 
the  air. 

We  have  seen  that  to  the  emmetrope  distance  alone  foTm& 
Qo  limit  to  visioa ;  the  myope,  on  the  contrary,  has  clear  vision 
of  no  ohjects  sitaated  beyond  bia  &r-point ;  hence  the  popular 
name  for  myopia — '  short-sightedness ' — is  a  good  one. 

Bays,  coming  from  a  point  beyond  the  far-point  of  a 
myopic  eye,  can  be  focussed  on  the  retina  by  rendering  them  as 
divergent  as  they  would  be  if  they  came  from  the  '  far-point ; ' 
for  jjarallel  rays  this  would  be  accomplished  by  a  concave 
lens  of  such  a  strength,  and  placed  in  such  a  position,  that 
its  princijial  focus  would  coincide  with  the  '  far-jjoint.'  Thns^ 
in  fig.  100  the  far-point  is  at  pr;  rays,  therefore,  which 
diverged  from  this  point  would  be  focussed  on  the  retina ;  if^ 
now,  a  concave  lens  be  placed  in  front  of  the  eye,  its  focus- 


being  at  p  r,  it  renders  parallel  rays  as  divergent  as  if  they 
came  from  that  iK)int,  and  so  enables  them  to  be  focussed  on 
the  retina. 

With  the  artilicial  eye  lengthened  to  50  mtn.the;),r.  l7formula(2) 
(page  315)  would  be  200  mm.,  and  a  concave  lens  of  195  mm.  focal 
length  (5-l-'i  D),  placed  5  mm.  in  front  of  the  eye,  wotdd  render  thfr 
imaged  of  distant  objects  on  the  retina  sharp  and  distinct  as  in 
emmetropia,  or  in  other  words  would  correct  the  myopia. 
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Myopia  is,  as  we  have  eeen,  uaoallj  the  result  of  an  elonga- 
I  tiOQ  of  the  antero-poslerior  diameter.     The  eye  is  generally 
l«l8o  enlarged  in  other  directions,  but  to  a  less  extent.     Al- 
I  though  the  tendency  to  myopia  is  frequently  inherited,  that 
I  condition  is  itself  seldotD  present  at  birth,  but  comes  on  during 
l«hildhood.      The   essential   condition   for    the    production   of 
J  myopia  would  seem  to  be  a  diminished  power  of  resistance  in 
P^e  ocular  tunics ;  it  ia,  however,  a  disputed  point  what  the 
anatomicaJ  lesion  is  which  causea  the  weakening.     There  are 
certain  conditions  which  accelerate  the  appearance  of  myopia 
in  those  who  are  predis^Msed  to  it,  and  may  even  induce  it 
in  cases  in  which  there  is  no  reason  to  suspect  the  existence  of 
any  such  tendency.     The  most  potent  of  these  is  the  employ- 
ment of  the  eyes  in  childhood  for  near  work  in  a  defective 
light.     To  compensate  for  the  paucity  of  light   an  attempt 
I  is  made  to  obtain  larger  retinal  images.     The  head  is  held 
I  ^wn  close  to  the  book;  this  necessitates  a  strong  effort  of 
y  convergence  in  order  that  binocular  vidon  may  be  maintjuned, 
I  and  a  corresponding  eETort  of  accommodation  is  made  by  each 
f  4iye.     The  action  of  the  recti  muscles  on  the  glohe  tends,  if  its 
1  tissues  are  weak,  to  cause  it  to  bulge  at  the  posterior  pole, 
1  where  it  ia  unaupjiorted  by  muscles.     The  eye  has  not  attained 
I  jts  full  growth,  and  it«  circulation,  like  that  nf  all  growing 
I  'Organs,  is  active  and  easily  influenced  by  causes  which  would 
r  «iot.  affect  a  fully  developed  organ.     Tlie  obstruction  to  the 
I  return  of  blood  by  the  compressitra  of  the  cervical  veins  pro- 
r^uced  by  the  [>osition  of  the  head,  and  the  action  of  the  recti 
[  And  ciliary  muscles,  induces  a  state  of  chronic  congestion  which 
[  veakeus  the  investing  tunics.     There  is  possibly  also  combined 
I  vith  this,  in  some  ctises,  an  increased  activity  in  the  secretion  of 
I  the  intraocular  fluid,  so  that,  while  on  the  one  hand  the  {tower 
I  <rf  resistance  of  the  eye  is  diminished,  on  the  other  the  forces 
f  tending  to  its  distension  are  increased. 

'  In  the  worst  cases  a  chronic  inBammatory  procesa  is  set  ap 

in  the  sclerotic  and  choroid  at   the  [tosterior  pole,  and   the 

elongation  of  the  eye  rapidly  increases  (proijrf^ve  m,yopia\ 

while  the  choroid  becomes  thinned  and  atrophied,  the  change* 

I   usually  commencing  in  the  portion  adjacent  to,  and  on  the  out«r 

I  «ide  of,  the  optic  disc. 
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The  atrophy  of  the  choroid  psposes  the  Bclerotic  to  view, 
and  so  produces  the  appearance  of  a  white  or  yellowish -white 
area  extending  to  a  variable  extent  from  the  optic  disc, 
first  it  is  crescentic  in  shape,  and  confined  to  the  outer  border 
of  disc,  as  in  fig.  1,  opposite  p.  142;  generally  its  border  i 
presents  several  patches  of  pigment,  which  did  not  exist  in  the 
ease  from  which  the  plat«  was  taken.  Later  on,  this  crescent 
may  become  iiTegiilar  in  sb^pe,  increase  in  size,  and  so  extend 
further  towards  the  yellow  spot,  and  may  surround  the  disc ; 
very  frequently  aesociafed  with  this  condition  are  isolated 
patches  of  choroiditis  and  atrophy  (see  fig,  2,  opposite  p.  142). 
In  its  early  stage  it  is  generally  called  a  myopic  crescent,  although 
the  same  appearance  is  occasionally  seen  in  emmetropic  or  hyper- 
metropic eyes ;  in  it*  more  fully  developed  condition  it  always 
indicates  that  a  considerable  bulging  {posterior  Btaphylomay 
has  taken  place  at  the  posterior  pole  of  the  eye. 

A  myopic  eye  preaenta  other  peculiarities  besides  those  already 
mentioned  ;  thus  the  anterior  cbamber  is  frequently  of  great  depth, 
the  ciliary  muscle  is  elongated,  its  traiiaverse  fibres  being  defective. 
The  optic  nerve  enters  the  sclerotic  obliquely,  and  the  white  m&tter 
of  Schwann  ot^n  extends  to  the  level  of  the  retina  over  the  whole  disc, 
so  that  the  physiological  cupping  is  absent.  The  nerve  sheath,  insteiid 
of  ceasing  at  the  point  where  the  nerve  enters  the  sclerotic,  is  prolonged 
a  short  distance  into  its  subEtance,  a  condition  which  must  still  farther 
weaken  this  part  of  the  eye.  The  angle  made  by  the  visual  lino  Mid 
the  optic  axis  is  smaller  tlian  in  emmetropia,  indeed  in  some  cases  the 
visnal  lies  on  the  onter  side  of  the  optic  axis,  and  the  nngle  a  (see 
page  322)  is  then  said  to  be  neifati-nf, 

WTien  myopia  has  once  become  established,  some  of  the 
conditions  which  combined  to  produce  it  are  removed ;  thus 
the  accommodation  is  used  less,  or  not  at  all,  and,  since  necom- 
modation  and  convergence  are  associated  acts,  the  myope  6ndB 
it  easier  to  give  up  convergence,  and  to  use  one  eye  only  at  a 
time  for  near  vision.  The  elliptical  shape  assumed  by  the  eye- 
ball is  less  adapted  for  rotutiou  within  Tenon's  (capsule  than 
the  more  spherical  form  of  the  emmetropic  eye,  and  thin  also 
renders  convergence  difficult.  In  «  short  time  the  power 
convergence  becomes  so  impaired  that  it  can  be  maintained, 
even  by  an  effort,  only  for  a  few  seconds,  and  before  long 
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j  be  altogethiT  lost,  and  one  eye  remain  in  a  state  of  divergence. 
I  {See  Divergent  Strabismus.) 

The  action  of  the  ciliary  muscle  and  internal  recti  baring 
f  been  in  this  way  annulled,  the  myopia  may  in  favourable  cases 
L  remain  atationary ;  such  eyes  are,  however,  liable  to  suffer 
L  from  an  increase  of  their  myopia  if  the  general  health  is  in  any 
L  Tray  impaired  ;  and  patients — naoatly  women — are  not  unfre- 
I  quently  met  with  who,  having  had  a  high  degree  of  myopia 
I  since  childhood,  suffer  after  middle  life  without  any  obvious 
1  cause  from  its  rapid  increase,  with  atrophic  changes  in  the 
'  choroid,  the  appearance  of  opacities  in  the  vitreous,  which  ia 
unduly  fluid,  and  in  the  lens. 

The  importance  of  preventing  myopia  by  the  removal  of  all 
conditions  likely  to  cause  it,  cannot  be  too  forcibly  impressed 
on  all  who  have  to  do  with  the  education  of  the  young.  It  ia 
'  most  important  that  the  light  shonld  be  good  ;  it  should  on  no 
account  be  facing  the  pupils,  and  by  preference  should  come 
from  the  left  side  for  writing,  while  the  desks  nod  seats  should 
be  so  arranged  that  no  stooping  is  necessary.  For  reading,  the 
type  should  be  clear,  and  not  U>o  small. 

The  treatment  of  myopia  by  glassei  will  be  considered  ia  a 
I  later  section. 

(ii.)  Hyponnetropia  (a,  fig.   97,  and  fig.  101)  is  the  con- 
dition in  which  the  ret  jna  lies  in  front  of  the  principal  focus  of 
I  the  dioptric  system  of  the  eye.     It  may  be  due  ta  the  antero- 
»  posterior  axis  of  the  eye  being  too  short— oa^wZ  hypermetropia 
— and  this  is  the  conunon  form,  or  to  the  refractive  power  of 


I 


the  eye  being  diminished  by  Satlcniog  of  the  cornea,  dioii. 
Dished  refractive  power  in  the  lens,  or  absence  of  the  lens- — 
aphakia. 

Since  the  retina  lies  in  front  of  the  principal  focus,  rays  from 
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uny  point  on  it  will  be  divergent  on  leaving  the  eye  (fig.  101),' 
and  the  conjugate  focus  of  any  aueh  pointwill  therefore  be  behind 
the  eye,  at  the  point  where  the  rays  would  meet  if  prolonged, 
the  jnmctiim  remotum  (fig.   102)  is  therefore  negative  and 


virtual.  As  in  myopia,  an  image  of  the  fundus  is  formed  at 
the  far-point,  but  in  this  case  the  image  is  erect  and  virtual. 

Since  the  raya  from  the  retina  are  divergent  on  leaving  the 
eye,  it  ia  evident  that  only  convergent  rays  can  be  focuesed  on 
the  retina,  but  in  nature  there  are  no  such  rays,  hence  a 
hyper Qietroi»e,  with  his  accommodation  relaxed,  has  no  dis- 
tinct vision  of  any  objects,  but  by  means  of  the  accommodation 
the  refractive  power  of  the  eye  can  be  increased,  and  jiarallel, 
and  even  divergent  rays,  be  brought  to  a  focus  on  the  retina  if 
the  ciliary  muscle  is  sufficiently  imwerful.  The  muscular  effort 
required  will,  however,  be  great  in  proi>ortion  to  the  oeameBs 
of  the  object,  bo  that  such  eyes  tire  comitaratively  soon,  if  con- 
tinuously fixed  on  near  objects,  while  more  distant  ones  may 
be  viewed  for  a  considerable  time  without  fatigue ;  hence  the 
popular  term  '  long-sightedness.'  This  condition  must  not  bo 
confounded  with  that  of  presbyopia,  in  which  the  refraction 
may  be  normal,  but  the  accommodation  having  become  weakened 
from  age,  near  vision  is  impaired. 

We  have  aeen  that  converging  raya  are  the  only  ones 
which  can  be  focuaaed  by  a  hypermetropic  eye  with  its  accom- 
modation at  rest,  and  that  there  are  in  nature  no  such  rays ; 
parallel  or  divergent  rays  may,  however,  be  rendered  conveigeot 
by  a  convex  lens.  Thus,  if  an  eye  were  hypermetropic  to  sueh 
an  extent  that  its  far-point  were  20  cm.  behind  the  coruen,  a 
lens  of  such  a  strength,  and  so  placed,  that  its  principal  focu* 
'  Cumpve  &Lio  Bgi.  8S  and  01. 
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wrincifJed  with  this  point  -would  give  to  parallel  rays  the 
required  amount  of  convergence,  and  cause  them  to  come  to  a 
focus  on  the  retina  without  any  accommodation  being  used,  so 
that  such  an  eye,  with  its  hypermetropia  corrected  in  this  way, 
would  see  distant  objects  under  the  same  conditions  as  the 
emmetropic  eye  (fig.  102). 

If  the  M-tifidial  eye  (p.  323)  were  sbort«i)edto30iimi.,it8[sr-point, 
<?alculaleil  fmia  rarEaula2't  (pngcSlG),  would  be  —  120  mm.  Aconvei 
lens,  pWed  5  mm.  in  frout  of  the  eye,  would  require  to  have  a  focus 
of  125  mm.  in  order  to  briog  parallel  rays  to  a  focus  on  the  retina. 
It  will  be  found  that  such  a  lens  (  +  8  D)  will  give  a  clear  inia^>  of 
<listaril  ohjecta  on  the  ground-glass  retina,  and  will  ther^ore  corrtot 
the  hypermetropia. 

Siace  the  defective  vision  due  to  hypermetropia  can  be 
i>bviat«d  by  the  u?e  of  the  accommodation,  a  small  amount  may 
exist  without  causing  any  symptoms ;  if,  however,  a  hyper- 
metrope  is  called  u)M>n  to  use  the  eyes  much  for  near  objects, 
trouble,  varying  in  degree  and  kind  in  diSerent  individuals, 
is  eiperienced.  In  slight  cases  the  eyes  become  tired  and 
bloodshot  after  being  used  for  some  hours.  In  others  tlie 
work  or  book  lias  to  l>e  laid  a^ide  after  a  few  minutes,  owing  to 
the  sight  becoming  dim,  or  the  eyes  tilling  with  tears— .a 
group  of  symptome  often  classed  under  the  name  of  asthenopia, 
or  '  weak  sight.'  In  others,  again,  reading  is  always  followed  by 
hi^ache,  wliich  occasionally  is  so  severe  that  it  is  attributed  to 
cerebral  causes,  and  the  subject  of  it  condemned  to  impend  his 
or  lier  time  in  idleness,  when  the  whole  trouble  might  be 
removed  by  correcting  the  hypermetropia  with  suitable  glasses. 
I'be  defect  iit  a  congenital  one,  and  due  to  an  imperfect  de- 
velopment of  the  eyeball,  but  it  is  seldom  discovered  until  tin- 
child  bvgins  to  learn  to  read.  The  symptoms  in  children  diSer 
somewhat  from  those  met  witli  in  the  adult.  Oft«n  one  of  the 
lirst  indications  of  there  being  anything  wrong  is  that  the  child 
holds  the  book  very  close  to  the  bee,  and  is  therefore  supposed 
to  bo  short  sight  1^1.  Myopia,  however,  in  young  children  ic 
rare,  and  tJie  presence  of  hypermetropia  under  these  circum- 
stances should  always  be  suspected.  The  myope  obtains  cJear 
images  of  the  minatest  object*  if  held   within  hi«   range  of 
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lion,  and  therefore  reads  the  smallest  type  with  ease ;  th© 
hjpermetrope,  on  the  other  hand,  can  only  obtain  clear  retinal 
imagen  by  using  his  accommodation,  and  the  nearer  the  object, 
the  greater  is  the  effort  required,  but  the  size  of  the  retinal 
image  increases  in  proportion  as  the  distance  is  decreased,  and 
increases  at  a  greater  ratio  than  the  circles  of  diffusion  caused 
by  imperfect  focussing ;  hence  the  child  will  sometimes  prefer 
to  hold  the  book  so  near  that  the  ciliary  muscle  is  unequal  to  the 
exertion  necessary  to  focus  the  rays  on  the  retina,  because  by  that 
means  be  obtains  a  large  image  with  lessmuscular  effort  than  if  he 
held  it  at  a  distance  for  which  his  accommodation  was  suflScient. 
In  other  cases  the  efforts  made  by  the  ciliary  muscle  to  re- 
spond to  the  call  made  ujion  it  result  in  the  production  of  a 
tonic  contraction  by  which  the  eye  is  maintained  iu  a  condition 
of  accommodation  for  a  near  point.  This  spasmodic  contraction 
is  involuntary,  and  therefore  cannot  be  relaxed  ;  hence  distant 
vision  is  defective  and  near  vision  good,  and  the  former  is 
improved  by  concave  lenses.  The  mode  of  distinguishing 
between  this  condition  and  myopia  will  be  considered  later  on. 
In  many  instances  of  hyjiermetropia  generally  of  moderst© 
degree,  the  accommodation  is  only  equal  to  the  necessary  eflFort 
when  it  has  convergence  associated  with  it ;  hence  the  child 
(these  cases  mostly  occur  in  children)  suffers  from  no  defect  of 
vision,  but  develops  a  convergent  strablsmtts.  This  subject 
will  be  considered  more  fully  in  a  subsequent  chapter;  it  is 
sufficient  here  to  note  the  fact  that  a  greater  amount  of  accom- 
modation can  be  used  if  convergence  is  associated  with  it  than 
if  used  alone ;  and  that  convergent  strabismus  in  a  child  is  an 
almost  certain  sign  of  hyjiermetropia. 

(iii.)  Astipnatism. — In  considering  optical  principles  and 
the  laws  of  refraction  we  saw  that  rays  from  any  point  being 
refracted  at  a  spherical  surface  again  came  to  a  focus,  and  formed 
au  image  of  the  point.  If,  however,  one  meridian  of  the  re- 
fracting snrface  had  a  different  curvature  to  the  others  it  is 
evident  that  their  focal  distances  would  also  be  different,  and 
that  the  rnys  would  therefore  no  longer  all  be  focuesed  at  one 
point.  Such  a  surface  is  therefore  said  to  be  astigmatic  (a 
privative ;  trriy/ia,  a  point).  A  familiar  example  of  an  astig- 
matic surface  is  the  bowl  of  a  spoon. 
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In  Bar  feces  which  are  regularly  astigmntic — Trhich  the 
bowl  of  a  ajKMJo  \s  not — the  various  meridiaDS  have  the  same 
curve  throughout.  Those  having  the  longest  and  shortest  radius 
of  curvature  are  called  the  principal  meridians,  and  are  alvays 
at  right  angles  to  each  other. 

It  will  be  necessary  to  consider  in  detail  the  action  of  an 
astigmntic  surface.  In  fig.  103  let  rays  from  a  point  /fall  on 
an  astigmatic  surface  acbd,  and  let  the  conjugate  focus  of/ be 
aty,  for  rays  which  pass  through  the  vertical  meridian  ab,  and 


at/",  for  those  which  pass  through  the  horizontal  meridian  di; 
it  is  evident  that  the  section  of  the  cone  of  rays  after  refraction 
will  vary  in  8hai)e  according  to  the  [losition  at  which  it  is 
toade;  thus,  between  the  refracting  surbce  and  f,  it  will  be 
an  oval  diminishing  in  size  towards/',,  the  horizontal  mertdiaa 
short  tiniug  more  rapidly  than  the  vertical ;  so  that  as  we 
approach  /,  we  get  an  oval  gradually  becoming  narrower,  until 
at  /"i  the  section  is  indistinguishable  from  a  vertical  line ;  be- 
tween ^Z*,  and/",  (he  vertical  diameter  will  continue  to  diminish, 
while  the  transverse  will  increase,  so  that  wc  obtain  succes- 
sively an  oviil  with  a  long  vertical  diameter,  a  circle,  an  oval 
with  long  transverse  diameter,  and  at  J'^  a  transverse  line. 
Hence  we  get  this  rule : 

1/  rajfBjrvin  a  point  ar»  re/i-aeted  by  an  (uligmntio  smt- 
/(Mw,  a  lineitr  ima^  of  the  point  is  formed  at  tht  foots  of 
«fA  principal  merldinn  ;  and  thf  direction  of  the  line  is  at 
riifht  angUn  to  that  of  the  meridian  at  whose  focus  it  is 
formed. 

If  the  above  rule  be  kept  in  mind,  all  the  phenomena  of 
refraction  which  occur  in  an  ostigmatio  eye  will  be  readily 
underKtctcHl. 
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Although  we  have  spokea  of  the  cornea  aa  a  spherical "mir- 
face,  it  is  rarely  strictly  ao ;  usually  its  vertical  meridian  has  a 
somewhat  shorter  radius  of  curvature,  and  therefore  a  greater 
|)Ower  of  refraction  than  the  horizontal,  so  that  most  eyes  are 
astigmatic  in  a  very  slight  degree  ;  it  is  only,  however,  when 
the  difference  between  the  principal  meridians  is  sufficient  to 
interfere  with  vision  that  the  defect  comes  under  the  notice  of 
the  surgeon.     Astigmatism  of  the  cornea  may   be   increased, 
diminished,  or  neutralised  by  a  similar  condition  in  the  crys- 
talline lens. 

Astigmatism  is,  then,  the  condition  in  which  the  eye  re- 
iracts   differently   in   its  different  meridians.     It  is   usual  to 
classify  it  into  five  varieties,   which  are    enumerated  in  the 
accompanying   table,  and  this  arrangement  is   a  convenient 
one:  it  should  be  borne  in   mind,  however,  that   the  differ- 
ence between  these  does  not  really  consist  in  a  difference  in 
he  nature  of  the  astigmatism,  but  in  the  difference  in  the 
refiraction  of  the  eye  when  the  astigmatism  has  been  corrected 
ly  rendering  the  principal  meridians  equal  by  an  alteration  in 
he  refraction  of  one  of  them. 

the  priiidp.ll  msriJiuu 

CfflHlltloD  to  nlilcb  tin  ^a 

^1 

1.  &imple  mfo[ui: 

2.  Simple  hypemetropic    . 
S.  Compound  myapio 

S.  Uiied       .... 

LMjopio 

1  Eininetropic 

L  Hypermetropic 

Ilotti  myopic 

Both  hypenoetropio 

f  Myopic 

\  Hypermetropic 

EmmetTopia 

My«p[» 

HypermelropU 
/Myupta  or    LrpMine- 
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In  simple  aatigmaliwn  the  retina  lies  at  the  focus  of  one  o 
the  principal  meridians,  and  the  retinal  image  of  a  point  wil 
herefore  be  a  line  at  right  angles  to  that  meridian.     This  can 
)e  impressed  on  the  memory  by  a  simple  esperiment.     Let  th«" 
reader  render  Ids  own  eye  astigmatic  by  phicing  a  cylindrica 
ens  in  front  of  it ;  the  axis  of  the  cylinder,  shown  hy  niarltB  on 
the  glass,  will  then  be  the  direction  of  the  unaltered,  or  emme- 
tropic, meridian  ;  if,  now,  a  point  of  light  be  looked  at,obt«ine( 
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by  looking  at  k  pinhole  aperture  in  a  card  held  close  to  a  flame, 
the  point  will  be  seen  as  a  line  of  light,  and  in  whatever  position 
the  lens  is  lield,  the  direction  of  the  line  will  always  be  at  right, 
angles  to  the  axis  of  the  cylinder — i.e.  to  the  emmetropic 
meridian. 

If  now,  under  the  same  conditions,  a  straight  line  be  looked 
at,  it  will  be  found  that  it  is  only  seen  clearly  when  its  direction 
is  at  right  angles  to  the  emmetropic  meridian  ;  this  is  because 
evpry  point  of  the  line  is  seen  as  a  minute  line.  When  the 
direction  of  all  these  linear  images  correaponds  with  that  of  the 
line,  the  tatter  api>ears  dark  and  clear;  but  when  the  direction 
of  the  linear  images  is  at  right  angles  to  the  Une,  the  latter  is 
widened  out  and  its  edges  blurred  ;  this  is  better  seen  if  two 
])arallel  lines,  separated  by  only  a  small  interval,  be  looked  at, 
then,  when  the  lines  are  held  in  the  direction  H  the  emmetropic 
meridian,  the  space  between  them  becomes  indistinguishable. 

Hence  the  following  nile : 

An  eye  vrith  eimple  astiffviatiam  (oris  of  the  ■principal 
•meridians  emmetropic)  can  only  see  clearly  linea  whose  direc- 
tion is  at  right  angles  to  ita  emmetropic  vieridian. 

Section   tV. — Lesses  Used  m  TEsnsr.   Kkfkactios. — 
The  Ophthalmoscope. 

(i.)  Trial  lesHt. — Hefore  destribing  the  \-ariou6  methods  of 
ascertaining  the  refraction  of  an  eye,  it  will  be  necessary  to 
make  a  digression  in  order  to  explain  the  principles  on  which 
tiie  lenses  used  foir  this  purpose  are  numbered,  and  to  explain 
the  nature  and  use  of  the  ophthalmoscope,  which  is  also  used  for 
the  same  ptu-pose. 

Id  this  country  there  are  two  modes  in  use  of  numbering 
lenwa. 

The  one  is  to  give  to  each  lens  a  number  exjireaiting  its  focal 
length  in  inches  ;  thus,  we  a]>eak  of  a  3-in.  or  6-in.  lens.  There 
are  iteveral  objei-tions  to  this  method  :  in  the  lirat  place,  since 
the  strength  of  the  lens  is  in  inverse  proportion  to  ita  focal 
IcDgthf  it  is  ne««Msary  to  invert  the  numbers,  in  order  to  make 
them  represent  the  relative  power  of  the  lenses;  so  that  in  cal- 
culating the  power  of  a  lens  we  should  speak  of  it  as  a  |rd  or 
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^th ;  this  becomes  inconvenient  when  several  have  to  be  added 
or  subtracted.  Then,  in  the  higher  powers  the  intervals  between 
the  lenses  are  necessarily  unequal.  Another  great  drawback  to 
the  system  lies  in  the  iaci  that  the  inch  has  a  different  value 
in  different  countries,  and  as  many  opticians  use  foreign  glasses, 
it  is  not  always  clear  what  is  meant  by  a  particular  number.' 

The  other  system  of  numbering  lenses  is  based  on  the 
metrical  system  of  measurement,  and  is  now  in  very  general 
use.  The  unit  ia  a  glasa  of  a  metre  focal  length,  and  thia  is 
termed  a  dioptre  (1  D.) ;  all  other  lenses  are  enumerated  as 
fractions  or  multiples  of  this ;  thus,  a  lens  having  a  focus  of  two 
metres  would  be  half  this  strength,  and  would  therefore  be 
O'fi  D.,  while  one  having  a  focus  of  half  a  metre  would  be 
2-0  D.,  a  third  of  a  metre  3-0  D.,  and  so  on.  The  focal  length 
of  any  lens  numbered  on  this  system  is  found  by  dividing  a 
metre  by  the  number  of  the  lens ;  thus,  4-0  D.  would  have  a 
focal  length  of  25  cm.,  or  ten  English  inches.* 

A  case  of  trial  lenses  should  contain  pairs  of  convex  and 
concave  spherical  lenses  from  0-25  D.  to  20-0  D.,  and  cylindrical 
lenses  convex  and  concave  from  0'25  to  6*0  D. 

Sjiherieal  lenses  have  been  already  sufficiently  described, 
but  a  few  words  of  explanation  are  necessary  as  to  the  nature  of 
the  cylindrical.  One  surface  of  such  a  lens  is,  as  the  name  im- 
plies, a  portion  of  a  cylindrical  surface;  the  other  is  usually 
plane.  If,  on  the  outside  of  an  upright  gloss  cylinder,  a  circle  of 
an  inch  and  a  half  diameter  is  described,  the  included  [>ortion 
represents  very  well  the  surface  of  a  convex  cylindrical  lens ;  the 
vertical  meridian,  corresponding  to  the  axis  of  the  cylinder,  is 
plane,  while  the  transverse  is  the  most  conves.  In  the  same 
way  a  circular  portion  on  the  inner  surfece  of  a  hollow  cylinder 
would  represent  a  concave  cylindrical  lens  ;  the  plane  meridian 
would  still  coincide  with  the  axis  of  the  cylinder,  while  the 
most  concave  would  be  the  transverse.  The  direction  of  the 
axis  of  the  cylinder  is  marked  on  the  glass  either  by  two  lines, 
one  at  each  side,  or  by  a  portion  of  the  lens  on  each  side  being 
ground  with  the  edges  of  the  ground  portions  parallel  to  the 
axis ;  this  meridian,  being  pUne,  has  no  refractive  power.     The 

'  1  English  inch.2S'3EDm.     1  Tsria inch- 2707  mni. 
'  The  relation  of  centimetres  to  Inches  is  approiiinntul;  u  5  to  3. 
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lens  is  nivabered  in  accordance  with  the  refraction  of  the  meri- 
dian of  greatest  curvature — i.e.  the  one  which  is  at  right  angles 
totheasis;  thus,  a  cylindrical  lens  of  6  dioptres  (6  D.  cyl.) 
means  that  the  refracting  power  of  the  meridian  of  greatest  cur- 
vature is  equal  to  that  of  a  lens  of  6  dioptres. 

From  the  nature  of  a  cylindrical  lens,  it  follows  that  the 
addition  of  one  to  an  eye  which  is  not  astigmatic  would  render 
it  80,  and  that  by  one  of  suitable  strength  the  difference  between 


Fiii.  104.- AiljuslftblcTrUil  Kmino. 

thr  principal  meridians  nf  an  astigmatic  eye  coald  be  neutralised 
and  the  astigmatism  corrected. 

Besides  lenses,  a  trial  case  should  contain  a  set  of  prisms,  an 
adjustable  trial  frame  (fig.  104),  a  block  of  the  same  size  as  the 
lenses  to  occlude  one  eye,  a  slit  one  millimetre  wide,  also  mounled 
like  a  lens,  and  a  few  diaphragms  and  coloured  glasses. 

(U.)  The  ophtbalinoicope. — As  tht-  ophthalmoscope  affonls 
one  of  the  most  useful  means  which  we  possess  of  testing  re- 
fraction, it  is  necessary  to  sny  a  few  words  here  conccmiug  its 
construction  and  use.  The  mys  which  come  from  any  ]»oiut  on 
the  retina  of  an  emmetropic  eye  leave  the  eye  in  a  state  of 
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paxallelism  (fig.  97),  and  could  therefore  be  focussed  ou  the 
retina  of  another  emmetropic  eye.  Bat  the  only  light  which 
comes  from  an  eye  is  the  refleoted  portion  of  tliat  which  has 
entered  it  through  the  pupil ;  and,  since  the  emerging  pencil 
follows  the  same  com-se  as  that  which  entered  the  eye,  itfoilows 
that  the  observer's  head  cannot  be  placed  in  a  position  to  re- 
ceive the  former  without  at  the  same  time  intercepting  the 
latter.  The  ophthalmoscope  is  a  contrivance  for  throwing  light 
into  the  eye,  and  allowing  some  of  the  retnming  rays  to  enter 
the  observer's  eye.  It  consists  essentially  of  a  mirror,  which, 
while  reflecting  some  rays,  transmits  others. 

The  original  ophthalmoscope  of  Helmholtz  consisted  of 
three  parallel  plates  of  glass,  separated  from  each  other  by 
small  intervals ;  by  means  of  this,  held  at  a  suitable  angle,  Ught 
from  a  lamp  was  reflected  into  the  eye,  and  of  the  light  which 
returned  from  the  fundus  some  was  reflected  from  the  glass  and 
lost,  bnt  a  portion  was  transmitted  through  it  to  the  observer's 
eye  ;  and,  being  focussed  on  its  retina,  produced  an  image  of 
the  fundus  of  the  eye  under  esamination.  Helmholtz's  ophthal- 
moneope  can  be  used  with  less  discomfort  to  the  patient  than 
perhaps  any  other  form;  but  the  illumination  of  the  fundus 
obtained  by  it  is  much  less  than  with  the  more  modem  instra- 
ments,  and  it  requires  considerable  practice  to  use  it  with  ease. 
It  was  soon  found  that  the  fears  originally  entertained  of  damage 
being  done  to  the  eye  by  exposure  to  light  were  not  well 
founded,  and  instruments  were  accordingly  constructed  in  which 
the  miiTor  was  made  of  polished  metal  or  silvered  glass,  a  central 
perforation  allowing  the  passage  of  some  of  the  returning  rays. 

The  modern  ophthalmoscope  consists  essentially  of  a  mirror, 
which  may  be  plane  or  eonca\e,  having  a  small  central  aperture ; 
and  this  is  all  that  is  necessary  for  the  purpose  for  which 
the  instrument  was  originally  constructed — namely,  that  of 
seeing  the  fundus  of  the  emmetropic  eye.  But  for  estimating 
refraction,  it  is  necessary  to  have  an  arrangement  by  which 
different  lenses  can  be  placed  behind  the  sight-hole ;  and  it  is 
chiefly  in  the  mode  in  which  this  latter  requirement  has  been 
fulfilled  that  the  various  instruments  differ  from  each  other. 
The  variety  of  opht  hah  nose  ojies  is  so  great  that  a  mere  enume- 
ration of  them  would  occupy  a  considerable  space,  and  serve  Qo 
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useful  purpose  ;  it  will  suffice  to  indicate  the  condit 
are  essential  to  a  good  lustrument,  and  to 
mention  a  few  in  which  these  ure  fulfilled. 

The  rairror,  if  there  is  only  one,  should  be 
concave,  have  a  focal  length  of  not  less  than 
22  cm.  (9  inches),  and  a  diameter  of  not  less 
than  one  inch.  A  second  smaller  mirror  set 
obliquely  with  a  focal  length  of  about  two 
inches  is  au  advantage,  but  not  essential,  and 
a  plane  mirror  is  often  useful.  There  must 
be  a  series  of  convex  and  concave  lenses,  and 
an  arrangement  by  which  these  can  be  suc- 
cessively placed  behind  the  sight-hole  with- 
out removing  the  instrument  from  the  eye. 
Much  difference  of  opinion  exists  as  to  thf 
number  of  lenses  necessary.  Mr.  ('ou]"i-. 
who  was  one  of  the  earliest  to  use  the  opl- 
thalmoseope  systematical ly  for  the  estimn- 
tion  of  re&act ion, considers  that  every  jmiw.-i 
should  be  obtained  by  a  single  lens,  and 
that  combinations  are  inadmissible;  as  h<.' 
also  considers  that  every  ophtLalmoscofie 
should  [wssese  a  lens  sufficiently  powerful 
to  correct  the  highest  degree  of  myopia  which 
is  likely  to  be  met  with,  his  ophthalmoscope 
necessarily  contains  a  very  large  number  of 
lenses.  The  latent  form  of  his  instrument 
(m«  fig.  105)  contains  seventy-four  lenses 
unnged  on  an  endless  chain,  and  is  some- 
what in  the  shape  of  a  paper  knife.  As  a 
Hjiecimen  of  mechanical  ingenuity  it  deserves 
all  praise,  but  ita  cost  (5^  Ss.)  and  size 
render  it  unavailable  for  genei^l  uxe. 

An  instrument  of  excellent  workman- 
ship and  convenient  size  is  that  invented  by 
Mr.  I^mg ;  it  contains  a  Urge  number  of 
powers,  some  being  made  by  combination*  ;  '  c^[htbairoo»copc. 
it  has  two  mirrora,  which  can  be  very  readily 
changed,  and  is  exceedingly  nnut  and  hantly;  !t  costs,  however, 
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41.   158.,  and  is  therefore  not   available   for  the   majority   < 
st  iidents. 

A  very  good  iustrument  for  refraction  and  other  purposes  1 
is  repreBented  in  fig.  106,  Its  tost  is  21.  58,  It  consists  of 
a  disc  (fig.  2)  containing  two  series  of  spherical  lensee;  one 
convex— 1,  2,  3,  4,  5,  6,  7,  8,  9,  and  10  dioptres;  the  other 
concave— 1,  2,  3,4,  5,  6,  7,  8,  9,  10,  and  15  dioptres.  The  J 
disc  is  mitled  at  the  edge,  as  shown  at  B  (fig.  1),  and  is  made  I 
to  revolve  to  the  right  or  left  by  means  of  two  other  milled  j 
discs,  one  of  which.  A,  is  worked  by  the  index  finger  of  the  I 
hand  holding  the  instmmetit.  A  sector  (fig,  3)  of  a  similar  I 
disc  IB  placed  behind  this  for  occasional  use.  It  containB  I 
spherical  lenses  of  +0-5  D.,  -1-12  D.,and  -0-5  D.,  — 20D.,and  I 
can  be  moved  to  right  or  left  by  the  index  finger  of  the  hand  I 
holding  the  instrument  by  moving  the  knob  f  (fig.  IJ.  The  I 
]K>wer  of  the  lens  in  use  belonging  to  the  disc  is  shown  at  c.  1 
The  jwwer  of  the  lens  belonging  to  the  sector  is  shown  at  d.  I 
The  change  of  each  lens  is  indicated  by  an  audible  click, 
A  small  mirror  (fig.  4)  and  (fig,  1,  e)  of  8  cm.  focal  length,  is  I 
attached  by  means  of  a  universal  joint,  so  that  it  can  be  placed  [ 
at  any  angle.  This  can  be  substituted  by  a  mirror  of  larger  1 
size  and  greater  focal  length  when  required  for  the  indirect  | 
method. 

There  are  two  methods  of  using  the  ophthalmoscope — the 
direct  and  the  indirect.  Each  of  these  has  advantages  of  its 
own,  and  neither  of  them  should  be  practised  lo  the  exclusion 
of  the  other.  Before  passing  to  a  detailed  description  of  these, 
there  are  certain  practical  points  common  to  both  of  them  ] 
which  must  claim  our  attention. 

In  the  first  place  an  artificial  source  of  light  is  necessary ; 
sunlight,  it  ia  true,  can  be  einijloyed,  but  there  are  obvious 
inconveniences  which  practically  preclude  its  use.  Any  steady 
broad  flame  will  answer  the  puqiose,  a  circular  gas-burner, 
such  as  an  Argand,  being  the  best.  It  is  convenient  to  have  I 
it  affiled  to  a  bracket,  which  allows  of  free  movement  both 
in  a  vertical  and  in  a  horizontal  plane ;  and  a  shade  by  which  ' 
lateral  rays  can  he  arrested  is  sometimes  useful.  The  lamp 
must  be  placed  on  the  same  horizontal  plane  as  the  eye, 
sufficiently  far  back  to  prevent  any  direct  rays  falling  on  tho 
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cornea,  and  only  i-emoved  laterally  a  sufficient  distance  to  aToi^S 
discomfort  from  its  heat.  Before  commencing  to  examine  i 
patient,  the  knack  should  have  been  acquired  of  so  manipnlatin^l 
the  mirror  as  to  throw  the  light  on  any  required  spot,  and  to! 
keep  it  there  during  any  movements  of  the  head  ;  this  is  easily! 
learnt  with  a  little  practice,  but  the  want  of  that  jiractice  causes  1 
much  disappointment  at  the  first  trial  with  the  ophthalmoscope,  1 
and  a  considerable  ^imouut  of  discomfort  to  the  patient. 

In  the  direct  method  the  surgeon  sits  facing  the  patient  on* 
the  same  side  as  the  eye  which  is  to  be  examined,  in  such  »1 
position  that,  when  his  face  is  brought  close  to  the  patient's,  f 
his  own  eye  is  opposite  the  same  eye  of  the  patient.     The  | 
mirror,  with  the  observer's  eye  close  behind  the  sigh t- hole,  is  1 
held    close   to  the  patient's  eye.     If  the  relative  position  of] 
surgeon  and  patient  are  such  as  have  been  described,  the  former  J 
will  naturally  use  the  left  eye  for  the  patient's  left,  and  viix  I 
veraa.     Holding  the  mirror  as  close  as  he  can  without  losing-J 
the  illumination,  the  surgeon  looks  through  the  sight-hole  inta-4 
the  patient's  eye  ;  if  this  13  emmetropic,  the  parallel  rays  from 
it  enter  his  own  eye  and  are  focussed  on  his  retina ;  he  accord- 
ingly sees  all  the  details  of  the  patient's  fundus.    It  is  essential 
that  neither  patient  nor  surgeon  should  use  any  accommotlation, 
for  in  the  one  case  the  rays  would  leave  the  patient's  eye 
vergent  instead  of  parallel,  and  in  the  other,  although  {tarallel,. 
they  would  not  be  focussed  on  the  retina  of  the  sm-geon.     Bjf  1 
this  method  the  details  of  the  fundus  are  seen  in  their  true- 
position,  but  highly  magnilied  by  the  dioptric  system  of  thftl 
eye.     The  image  ia  therefore  trect. 

In  the  second  or  indirect  method  the  mirror  is  held  at  i 
distance  of  about  2  ft.  from  the  ^latient's  eye,  and  a  coQvexl 
lens  close  to  the  eye,  so  that  the  emerging  rays  are  brought  to>9 
a  focus,  and  an  invei-led  itiiage  of  the  fundus  is  formed  in  tbaf 
air.     The  rays,  being  parallel,  are  brought  to  a  focus  at  llie  " 
principal  focus  of  the  lens  ;  the  more  distant  this  is,  the  i 
magnified  will  the  image  be,  but  it  will  represent  a  iiropor- 
tionately  smaller  area  of  the  fundus;  hence,  the  weaker  llie 
lens  used,  the  more  magnified  will  be  the  image.   A  convenient 
lens  for  this  pur|>ose  is  one  of  13  P.  {3  in.);  those  sold  with 
the  ophthalmoscope  have  usually  a  shorter  focus  than  this,  and 
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do  not  magnify  sufficiently.  The  larger  its  diameter,  within 
convenient  limits,  the  better;  a  good  size  for  the  ]>ocket  iti 
2  in.  diameter.'  The  image  obtained  by  this  method  is  in- 
verted and  real,  while  the  direct  gives  an  errct  and  virtual 
image.  By  the  indirect  method  a  large  portion  of  the  fundus 
can  be  seen  at  one  time,  and  it  is  therefore  the  best  for  obtain- 
ing a  general  view  of  the  fundus,  and  should  be  used  first  in 
every  case.  The  direct  gives  more  detailed  information  con- 
cerning a  smaller  area  at  one  time. 

There  are  several  difficulties  to  be  overcome  iu  using  the 
direct  method  ;  the  tirst  is  that  of  getting  sufficiently  close  to 
the  eye  without  losing  the  illumination;  this  is,  however, 
easily  accomplished  if  the  manipulation  of  the  mirror  has  been 
previonsly  learnt.  If  the  patient's  eye  be  directed  straight 
forward,  a  difficulty  sometimes  ari^s  from  the  reflection  of  the 
mirror  being  seen  in  the  cornea ;  this  is  avoided  if  the  eye  be 
directed  a  little  to  the  nasal  side,  and  this  position  lias  the 
additional  advantage  that  the  posterior  ]K)le  of  the  eye  is 
rotated  outwards,  bo  that  the  optic  disc,  which  lies  slightly  to 
the  inner  side,  comes  into  new.  We  have  seen  that  accommo- 
dation on  the  [lart  of  either  snrgeon  or  patient  prevents  a  clear 
view  being  obtJiined  of  an  emmetropic  fundus ;  on  the  part  of 
the  iMttient  this  can  generally  be  obviated  by  taking  care  that 
the  other  eye  has  no  light  falling  on  it,  and  that  it  is  directed 
to  a  distant  object.  The  surgeon's  own  accommodation  is  a 
more  difficult  matt«r  to  control;  some  idea  of  the  difficulty, 
and  of  the  kind  of  effort  required  to  overcome  it,  can  be  ob- 
taJne<l  by  attempting  to  read  through  a  convex  lens  a  jtage  of 
print  placed  at  its  focal  distance  ;  at  first  this  will  be  found  to 
be  difficult,  but  the  knnck  ran  he  acquired  with  a  little  practice. 
When  using  the  ophthalmoscope,  it  is  well  to  trj-  to  imagine 
that  one  is  looking  at  a  distant  abject,  and  this  is  facilitated  by 
the  other  eye  Ix-ing  kept  ojicn.  The  small  size  of  the  pupil 
will  not  often  prove  an  obstacle  to  the  examination  of  the  optic 
disc  if  the  above  precautions  be  adopted,  but  it  frequently 
prevents  a  view  being  obtafneil  of  other  partH  of  the  fundus. 
The  pupil  contracts  less  if  a  plane  mirror  be  used,  and  still  leas 
I  Mean.  Plalurd  and  CiuitX  IH  Oiwat 
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witli  an  ophthalmoscope  ou  the  principle  of  Helmholtz's.     The- 
use  of  a  mydriatic  is,  however,  often  necessary  or  advisable. 

The  small  size  of  the  pupil  is  a,  more  serious  obstacle  to  the 
indirect  method,  owing  to  the  greater  concentration  of  the 
light ;  and  here  the  use  of  a  mydriatic  is  more  frequently 
necessary.  The  chief  difficulty  in  this  method  lies  in  manipulat- 
ing the  lens  and  mirror  at  the  same  time.  The  best  plan  ii 
throw  the  light  on  the  eye  first  with  the  mirror  alone,  then  t» 
interpose  the  lens,  holding  it  at  a  little  less  than  its  own  focal 
distance  from  the  patient's  eye  ;  the  head  must  then  be  moved 
backwards  and  forwards,  care  being  taken  not  to  lose  the  red 
reflex,  until  the  details  of  the  fundus  are  clearly  seen.  If  any 
trouble  arises  from  an  image  of  the  flame  or  mirror  being  seen 
reflected  in  the  lens,  a  very  slight  rotation  of  it  on  its  vertic^ 
axis  throws  the  image  out  of  the  way. 

In  order  to  see  any  peripheral  part  of  the  fundus  with  the 
direct  method  the  patient  must  be  told  to  look  in  the  corr&- 
Nponding  direction — e.g.  upwards  for  the  upper  part  of  the 
fundus,  downwards  for  the  lower.  With  the  indirect  method  it 
should  be  borne  in  mind  that  the  image  moves  in  the  same 
direction  as  the  lens,  and  in  the  reverse  direction  to  the  surgeon'* 
head  ;  by  a  combined  movement,  therefore,  in  opposite  direo- 
tions,  of  lens  and  mirror,  the  part  of  the  fundus  which  is  visible 
may  be  changed  at  will. 

Section  V, — Methods  of  E-^timatisg  EEFRAcrros. 

We  are  now  in  a  position  to  consider  the  various  modes  of  esti- 
mating the  exact  refraction  of  the  eye  ;  t liese  are  very  numerous, 
but  they  mostly  come  under  one  of  two  heads :  either  they  are 
mUjjeetive  in  character — that  is,  they  depend  on  the  visual  sensa- 
tions of  the  patient^ — or  they  are  objective,  and  de]>end  on  what 
the  surgeon  himself  observes.  The  subjective  methods  for  the 
most  part,  though  not  entirely,  are  founded  ou  changes  made 
in  the  patient's  riaiou  by  glasses.  Such  a  method  has  the 
obvious  disadvantage  that  the  results  depend  on  the  statements 
of  the  patient,  who  may  be  stupid  or  ignorant ;  on  the  other 
hand,  with  an  intelligent  subject  it  is  often  the  quickest-,  Bud 
as  the  object  of  the  examination  is  usually  to  ascertain  what  ia 
the  most  suitable  glass,  its  results  are  more  a])preciiited  by  the 
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patieiit.  Some  methods  combine  both  the  subjective  and  ob- 
jective priDciples,  and  few  surgeons  care  to  rely  upon  either 
exclusively  in  a  difficult  case. 

(i.)  Teating  by  trial  lenM*. — At  the  outset  the  reader  is  again 
reminded  that  a  perfectly  emmetropic  eye  has  clear  retinal 
images  of  distant  objects  without  the  v-ee  of  any  accomvioda-- 
tlon,  and  a  glass  does  not  correct  an  ametropic  eye  (i.e.  neutnt- 
lise  its  ametropia)  unless  it  places  it  in  this  condition. 

If  the  reiuier  baa  followed  what  has  already  been  aaid  con- 
cerning myopia  and  hyjiermetropia,  he  will  often  be  able  to 
form  a  correct  opinion  in  a  given  case,  from  the  patient's  de- 
scription of  the  symptoms,  as  to  which  of  these  errors  is  the 
more  likely  to  be  present ;  it  will  be  better,  however,  for  tbe 
present  to  disregard  the  symptoms  altogether,  and  to  SQp- 
pose  the  diagnosis  to  be  made  entirely  by  means  of  the  test 

The  ])atient  should  be  placed  at  a  distance  of  6  m.  (20  ft.) 
from  Snellen's  test  types,  and  it  should  be  ascertained  what  is 
the  smallest  line  which  can  be  read  by  the  eye  under  examina- 
tion— it  is,  of  course,  essential  that  the  other  eye  should  be 
covered— and  the  result  should  be  noted  in  the  manner  de- 
scribed on  p.  328.  It  is  a  good  plan  now  to  test  the  near 
vision  with  the  reading  types,  not  because  it  is  always,  or  even 
generally,  essential  for  ast^'crlaiuing  the  refraction,  but  because 
it  may  be  required  for  thin  or  fur  other  purposes,  and  if  not 
done  at  this  stage  is  apt  to  be  forgotten.  In  noting  the 
near  vision, tbe  smallest  type  shnuld  be  found  which  the  patient 
can  read,  chooiiing  bis  own  distance,  and  then  the  fartheat  and 
the  nearest  point  at  which  be  can  see  it. 

Example.— R'  V=^  and  0-5  Sn.'     20-50  cm.»  [8"-20"]. 

If  distant  vision  is  found  to  he  nonn:d,  it  does  not  follow 
that  the  cy«  i»  emmetroiiic,  unless  it  can  be  proved  that  no 
accommodation  was  need ;  myopia^  kowewr,  i«  occluded. 

The  distant  vioion  having  been  noted,  a  weak  convex  lens 
(  4  0-50  D.)  i»  placed  before  the  eye;  tbe  eabsequent  8t«ps  of 

>  Tho  tmon  It  uid  L  »re  bmhI  Ibroughont  lo  IndioaW  lb*  rigbt  and  l«ft 
fjn  rrifHKTlJrclT.     itn  iwlimlM  BuollfD'a  rHdieg'lj'pM,  and  J  thtm  ot  Jatgw. 

■  It  U  mote  tMBiUluot  with  th«  pUn  on  which  the*o  taaU  ai*  arrwigitri, 
fbat  Ihs  ndrinl  noUllon  ilioald  bs  mkltHalMd  thionghOBi,  boV  lh»  mnUt 
DUT  be  cxprriwl  ir.  Inch**  If  {mfvrtcd. 
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the  teat  will  depend  on   the  effect  which  this  has  on 

these  will  therefore  be  considered  under  two  aepfirate  headings. 

A.  Vision  is  not  rendered  worsn  by  a  ^veale  convex  Una. 

B.  Vision  is  rendered  worse  by  it. 
A.  If  distant   vision  is  not  impaired   by  a  convex    leoH, 

hypermetropia  is  present;  for  the  effect  of  the  lena  ib  to 
render  the  parallel  rays  convergent,  and  only  a  hypermetropic 
eye  can  focus  converging  rays  {vide  p,  336 ).  The  strength  of 
the  lens  should  now  be  gradually  increased  until  the  strongest 
is  found  which  the  patient  c^iu  bear  without  vision  being  made 
any  worse ;  an  amouut  of  hypernietropia  corresponding  at  the 
least  to  this  must  be  present.  The  error  thus  discovered  is 
called  the  manifest  hypermetropia  (M.H.). 

Example. — Supposing  that  vision  of  -  is  changed  to  -  by 

the  addition  of  +1-5  1).,  and  that  a  stronger  glass  iinpaim 
vision,  the  result  is  wiitten  thus  ; 


therefore  l'50  =  the  manifest  hypernietropia.  In  the  same  waj, 
if  vision  remained  the  same  with  the  addition  of  a  convex  glass, 
the  glass  would  be  the  measure  of  the  manifest  hyjiermetropia, 

and  the  result  might  be  written  thus : 

b 
We  saw,  however,  on  p.  337  that  hypermetropia  may  be 
foncealeil  by  the  action  of  the  accommodation ;  and  liaving 
found  the  manifest  hypermetropia  by  the  above  method, 
we  have  no  guarantee  that  a  further  amount  does  not  still 
remain  concealed  by  the  accommodation.  As  a  imitter  of  fact, 
in  young  subjects  this  is  usually  the  case,  for  having  constantly 
to  accommodate  in  order  to  see,  the  act  is  performed  instinctively 
as  soon  as  an  effort  is  made  to  look  attentively  at  an  object ; 
and  although,  by  a  very  gradual  transition  from  the  weaker  to 
the  stronger  glasses,  the  accommodation  can  be  coaxed  to  relax 
to  a  certain  extent,  some  frequently  remains  in  use  concealing 
some  hypermetropia,  which  Is  therefore  said  to  be  latent.  It 
is  of  course  possible  that  the  whole  of  the  hypermetropia  may 
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be  latent,  so  that  the  fact  that  a  weak  convex  lens  renders 
viHioD  worse  does  not  necessarQy  exclude  the  existence  of  hyper- 
metropin.  But  it  is  rare,  except  in  children,  for  all  the  hyper- 
tnetropia  to  be  latent ;  in  patients  over  thirty,  on  the  other 
hand,  it  is  unusual  for  any  to  be  latent.  If  the  patient's  '  near- 
point  '  is  farther  away  than  it  should  be  at  bis  age  (see  table, 
p.  325),  hypermetropia  may  be  suspected  Ut  exist,  although 
none  may  be  manifest. 

Not  only  may  the  action  of  the  ciliary  muscle  entirely  con- 
ceal the  existence  of  hvpermetropia,  but  it  sometimes  passes 
into  a  condition  of  tonic  contraction  in  excess  of  that  required 
for  distant  vision,  so  that  the  eye  is  maintained  in  a  condition 
of  accommodation  for  a  near  point,  hi  this  spasmodic  con- 
traction cannot  be  voluntarily  relaxed,  the  eye  appears  to  be 
shortsighted.  This  spasm  of  the  accommwlatitm  undergoes  a 
partial,  and  sometimes  a  complete  relaxation  in  the  dark,  so 
that  by  examination  with  the  o[ihthalmoscope  in  the  dark  room, 
the  apparent  myopia  may  be  proved  to  be  fictitious,  or  the 
existence  of  hypermetropia  be  diagnosed. 

In  order  to  ascertain  with  certainty  the  amount  of  latent 
hypermetropia  it  is  necessary  to  paralyse  the  accommodation. 
There  are  several  agents,  called  mydriatics,  by  which  this 
can  be  temporarily  accomplished.  The  commonest  of  these  is 
Sulphate  of  Atropia.  A  solution  in  water  of  the  strength  of 
I  per  cent.  ^4  grs.  to  the  oz.)  is  the  best  for  the  purpose,  and 
it  should  l>e  dropped  into  the  eye,  if  complete  paralysis  of  the 
;iccommodation  is  required,  three  times  a  day  for  about  three 
(lays.  In  youug  children,  owing  to  the  greater  strength  of  the 
accommodation  iu  them,  it  is  often  necessary  to  use  it  for  a 
week  or  more.  In  addition  to  the  parnlysis  of  the  accommodation 
the  pupil  is  widely  dilated,  and  the  effect  does  not  fully  pass  off 
for  a  week  or  ten  days  after  the  last  application. 

Owing  to  the  Mnous  inconvenience  that  a  jmtient  auSers  from  the 
hIow  recoverj  of  the  functioa  of  aocommoilntiDn  after  Atropine,  other 
ngontx  hnve  been  employed  m  mydriatics  whcMe  action  in  lets  laxting. 
The  BulfibatM  of  daturiii  ktij  duhuisin  ait  efficiently,  but,  althongh 
the  eflect  last*  only  aliout  hxlf  m  long  u  tlint  of  atropine,  it  is  long 
enough  t«  canae  serious  inconvenience.  Duboisiu,  morrxtvi^r,  has  tbe 
,  £irther  ilindrantage  that  it  occasiotuilty  caasca  vorti^  and   even 
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delirium  ;  heDca  these  drugs  are  Beldom  iised  except  when  n-tropme, 
Hs  occasion&lly  happenx.  causes  conjtiDctivitl  ii-ritatioD. 

A  luueh  more  useful  agent  is  the  hydi'obroraate  uf  honiatropinc^ 
as  its  effect  eutirely  paBses  off  in  twenty -four  hours,  and  generally  in  u 
much  shorter  time.  Whether  it  «in  be  relied  upon  in  children,  (uid 
in  cases  of  apism  of  the  iLCConiinodation,  topixiduGeeomiilctf  [wralysis, 
is  a  point  which  more  extended  experience  is  needed  to  detenmne^ 
It  is,  however,  quite  efficient,  in  ordinary  cnaea,  if  iised  of  a  Btrength 
nf  1^  p.c.  (fi  gre.  to  the  oz.)  and  at  abort  inferrnls.  As  the  effect  is 
BO  transient,  it  is  pi-obably  iiHclesstopi'BBcribeitsiise  foraeveral  days  ; 
the  best  plan  ia  to  let  the  patient  use  it  three  times  od  the  morning 
of  his  visit,  at  Latervale  of  hulf  an  hour,  nod  for  the  surgeon  to  apply 
it  every  ten  minutes  during  the  hour  preceding  examination. 

The  effect  of  a  mydriatic  on  a  byperraef  rope  is  to  render  Iiis 
distant  vision  worse.  The  eye  being  under  the  influence  of 
atropine,  the  hypermetropia  is  again  tested  by  convex  lenses 
until  the  one  is  found  which  gives  the  best  result ;  this 
should  be  at  least  as  good  as  that  obtained  before  the  use  of 
atropine. 


Exa-mple:  Date  L.V.- 


•  +i-oo  =  '; 


At(e(Atrop'')/,.7.=  "- 


2-5(t  = 


In  this  case  the  manifest  Hypermetropia  is  1*5  D.,  and  the 
total  2"5  D.,  the  amount  of  latent  H.  therefore  is  1  D. 

If  vision  is  improved  by  convex  lenses  up  to  a  certain  iK>int, 
but  not  to  the  normal  standard,  Compound  Hyi>ermetropic 
ABtigmatitim  (see  p.  340)  may  be  suspected  to  be  jiresent.  If 
the  result  obtained  by  convex  lenses  is  not  as  good  as  that 
which  was  obtained  before  atropine  was  used,  Ai<tigmatism  is 
almost  certainly  present. 

B.  Convex  leases  render  Tiuon  worse. — (a)  D'tatanl  viaion 
is  nmtnal. — The  condition  tannot  be  Myopia,  but  may  be  (i.) 
Emmetropia ;  (ii.)  Latent  Hypermetropia. — latent  Hyper- 
metropia may  be  suspected  if  the  patient  ia  under  thirty,  if  the 
symptoms  are  thoae  of  hypermetropia  (see  p.  336),  and  if  thi." 
near-point  is  fartheraway  than  it  should  be  at  the  patient's  age. 
The  diagnosis  can  generally  be  established  by  the  ophthalmo- 
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flcope  (see  p.  363).  If  these  symptoms  are  absent,  and  if  the 
ophthalinoeco])e  fails  to  discover  any  hypermetropia,  we  may 
assume  that  the  eye  is  Emmetropic.  If,  however,  symptoms 
are  present  and  persist,  it  is  often  advisable  lo  paralyse  the 
uccommodation ;  if  distant  vision  is  then  still  normal,  the 
eye  is  emmetropic;  if  it  is  impaired,  hypermetropia  is  pre- 
sent ;  and  the  amount  must  be  ajicertained  in  the  manner 
already  described. 

(b)  Distant  vision  i«  avJmiyrmal. — The  condition  is  either 
{i.)  Myopia  (or  spasm  of  the  accommodation)  or  (ii.)  Astig- 
matism. 

(i)  DieUmt  vision  is  tviproved  by  concavt  lenses, — Near 
vision  is  good — i.e.  0*50  Sn.  can  be  read  fluently;  the  near- 
point  is  nearer  than  corresponds  with  the  patient's  age, 
Myopia  is  piesent, 

Spasm  of  the  accommodation  may  cause  an  eye  to  resemble 
myopia  in  all  respects;  indeed,  an  t-ye  under  such  circuni- 
titances  is  to  all  intents  and  purjiosea  myopic  for  the  time  ; 
spasm  sufficient  to  produce  this  condition  rarely  occurs,  however, 
in  children,  and,  if  the  accommodation  be  jtaralysed  by  the 
use  of  atrojjine — and  in  children  it  is  always  safer  to  do  this — 
the  true  refraction  of  the  eye  can  be  ascertained. 

If  concave  lenses  bring  distance  Up  to  the  normal  standard, 
the  case  is  one  of  myopia  only.  If  vision  is  improved,  but  not 
to  the  normal  standard,  the  case  is  one  of  Compound  Myopic 
Astigmatism  '  (see  below,  under  ii.). 

Before  endeavouring  to  find  the  lens  which  corrects  the 
myopia,  the  far-point  should  be  ascertained  ;  this  is  done  by 
finding  the  smallest  of  the  reading  tyi>e6  which  the  patient  can 
read  (which  in  uncomplicated  myopia  is  0*50  Snelleo),  and 
then  ascertaining  what  is  the  greatest  distance  at  which  he 
can  rend  it.     For  example  : 

r=lcs*  than    ' ,  &  0-50  Sn.  at  20  cm.  (pr.) 

lu  kiijK  tletfrtfs  of  myopia,  however,  the  '  far-jxnnt '  cannot 

be  accurately  determined  in  this  manner.     For,  owing  both  to 

■  AjBoniing,  ot  conrK.  that  the  dcfectiio  tUIoo  b  due  \o  an  trmr  ut  r*. 

fnclioD ;  It  miui  bn  rvmciiiberMl.  Iiowcvcr,  Ihul  morbii)  ch>ii|[ca  la  tbd  fotxlo* 

aTi>  tcrr  frequently  mrt  with  in  Myoiiia. 
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the  nearaeaa  of  the  type,  and  the  length  of  the  eye,  the  n 
inuiges  are  so  lajge  that  their  form  can  be  recognised,  even 
when  they  aro  not  accurately  focussed.  Hence  the  letters  of 
0*50  Sn.  can  sometimes  be  read,  even  when  placed  beyond  the- 
patient's  far-point.  On  the  other  haud,  if,  aa  ia  frequently  the 
case,  there  are  morbid  changes  in  the  fundus,  which  have  lowered 
the  visual  acuity,  the  patient  may  find  it  necessary  to  hold  the 
tyjje  at  a  shorter  distance  than  the  true  '  far-point '  of  the  eye. 
The  focus  of  the  correcting  lena  should  coincide  with  the 
far-point  of  the  eye,  so  that  parallel  rays  will  be  rendered  a» 
divergent  aa  they  would  be  if  they  came  from  the  far-point.  (See 
.  107.)    They  ivill  therefore  be  focussed  on  the  retina  without 


any  accommodation  being  used,  and  distant  objects  will  there- 
fore be  seen  under  the  same  conditions  aa  in  emmetropia.  A 
stronger  lens  will  render  the  rays  more  divergent ;  but,  as  they 
can  atill  be  focussed  on  the  retina  if  the  accommodation  is  called 
into  play,  vision  is  not  necessarily  rendered  worse.  Hence  the 
■weahest  concave  lens  which  gives  the  beat  vision  is  the  glass 
to  be  choaen. 
Example : 
Z,.r.  =  lessthan^,  &  0-50  Sn.  »l  20  cm.  (pr.)  c-5  D,  7=^. 

If  a  concave  lens  improves  vision,  but  does  not  bring  it  up  to 
normal  standard,  and  there  are  no  other  morbid  conditions,  the 
case  is  one  of  Compound  Myopic  Astigmatism. 

(ii.)  D^istant  v'tnion  is  not  improved  by  concave  lenses. — 
The  case  is  probably  one  of  Simple,  or  Mixed  Astigmatism. 
Astigmatism  is  also  present  when  the  distant  vision  cannot  be 
brought  up  to  the  nonnal  standard  by  spherical  lenses.  [Sea 
above,  under  i.) 
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If  visioD  is  at  alt  improved  by  spherical  lenses,  the  one 
which  produces  the  greatest  improvement  should  be  put  in  the 
trial  frame  in  front  of  the  eje,  and  the  patient  tested  with  a 
revolving  line.  For  this  purpose  Carter's  Astigmatic  Clock  iw 
■extremely  useful.  It  consists  of  a  clock  dial,  in  which  the 
hands  are  replaced  by  three  parallel  lines  revolving  about  the 
■centre  ;  the  Hnea  should  be  of  the  thickness  of  the  strokes  of 
the  lowest  letters  of  the  distance  types,  and  should  be  separated 
by  spaces  of  the  same  width.  It  is  convenient  to  have,  in 
addition  to  the  dial  with  one  set  of  lines,  another  with  two 
sets  at  right  angles  to  each  other  in  the  form  of  a  cross. 

If  the  lines,  when  revolved,  are  seen  equally  clearly  in  all 
positions,  there  is  no  astigmatism  present.  If  there  is  a  differ- 
ence, the  position  in  which  they  are  best  seen,  and  the  position 
at  right  angles  to  this,  will  indicate  the  direction  of  the  prin- 
cipal vieridiaTia.  The  meridian  in  which  they  are  most  clearly 
seen  indicates  the  one  in  which  there  is  the  greatest  error 
(see  p.  341),  while  the  meridian  at  ngbt  angles  to  this  is  either 
eiiimetmpic  or  requires  the  least  correction. 

The  *  princi]ial  meridians  '  having  been  found  in  this  way, 
the  one  in  which  the  error  of  refraction  is  least  should  be 
tested  alone,  hy  shutting  off  the  others  by  means  of  the 
fitenopaiic  slit.  This  having  been  placed  in  front  of  the  eye 
in  the  best  meridian,  the  sphericut  lens  is  found  which  gives 
the  best  vision,  and  which  may  therefore  be  assumed  to  correct 
this  meridian  ;  to  make  the  other  meridian  equal  to  it,  the  slit 
munt  be  removed,  and  cylinders  added  to  the  spherical  lens, 
with  their  axes  in  the  direction  of  the  corrected  meridian,  until 
the  linen  are  seen  with  equul  clearness  in  both  positions.  It 
i*  htre  that  the  crossed  lines  are  useful,  as  the  patient  is  the 
l)etter  able  to  compare  them  when  seeing  them  both  at  the 
Nime  moment ;  they  also  obviate  a  difficulty  which  sometimes 
arises  from  the  pntient  using  n  different  amount  of  accommoda- 
tion  for  the  two  positions,  and  therefore,  seeing  the  lines  equally 
well,  although  the  refraction  of  the  corresponding  mcndinns  of 
his  eye  may  be  different.  In  most  oases  of  asligmatisra,  how- 
ever, it  is  advisable  lo  paralyse  the  accommodation. 

As  soon  as  the  lines  luive  been  made  to  nppear  e<|ual,  the 
astigmatism — i.e.  the  difference  between  the  refraction  of  the 
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principal  meridians — has  been  corrected  ;  it  only  remains  to  se^ 
if  rision  is  improved  by  a.  slight,  alteration  in  the  spherical  lens. 

A  convenient  way  of  noting  the  result  is  as  follows :  the  alit 
is  indicated  by  the  letter  S,  and  its  direction  by  the  line  dravn 
through  it.  The  three  parallel  lines  indicate  that  they  were 
seen  best  in  the  position  depicted,  while  the  crossed  linea  show 
that  the  difference  has  been  corrected.  (The  [xisitions  of  the 
slit  and  of  the  axis  of  the  cylindrical  lens  are  noted  as  they 
appear  to  the  surgeon  looking  at  the  patient,  and  that  of  the 
lines  as  they  appear  to  the  patient;  the  apparent  discrepancy 
is  not  a  real  inconvenience,  and  it  will  be  found  on  the  whole 
the  most  satisfactory  notation.) 

Example : 
B.V. 


Occasionally  cases  are  met  with  in  which  the  astigmatism 
appears  to  be  corrected  by  every  test,  and  vision  is  brought  up 
almost  tu  the  normal  standard,  and  yet  the  lines  are  not  seen 
equally  well,  and  no  glass  makes  them  equal,  Such  cases  show 
the  importance  of  not  trusting  to  one  test  alone. 

For  the  vision  of  an  astigmatic  eye  to  he  improved  by 
spherical  lenses  it  is  essential  that  the  nature  of  ttie  error  of  the 
refiraction  in  the  two  principal  meridians  should  be  the  same 
(ComiK)und  Hypermetropic  or  Comjiound  Myopic  Astigmatism  1. 
If  spherical  lenses  do  not  improve  vision,  the  astigmatism  i» 
Simple  (myopic  or  hypermetropic)  or  Mixed.  In  either  case^ 
the  lens  which  (ends  to  correct  the  one  meridian  renders  the- 
other  worse. 

If — the  accommodation  being  paralysed — the  revolving 
lines  are  seen  quite  clearly  in  one  direction,  while  vision  is 
normal  when  the  stenopaic  slit  is  placed  in  the  meridian  at 
right  angles  to  this,  the  astigmatism  is  Simple,  and  all  that  is- 
necessary  is  to  place  cylindrical  lenses  in  front  of  the  eye,  with 
their  axes  in  the  direction  of  the  emmetropic  meridian,  until 
the  lines  are  seen  equally  well. 
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If  the  lines  iire  not  clearly  seen  in  any  position,  and  near 
and  distant  virion  aie  both  defective,  while  the  latter  ts  not 
improved  by  spherical  lenses,  the  defect  is  due  to  Mixed 
Astigmiitisin,  if  to  any  error  of  refraction  at  all.  It  is  very 
tedious  to  work  out  niised  astigmatism  by  the  aid  of  the  trial 
lenses  alone ;  and  it  can  be  so  quickly  and  accurately  done 
by  the  '  shadow  test,'  that  it  will  be  better  to  postpone  its 
further  consideration  till  we  treat  of  that  test. 

ii.  Other  subjwtivs  t«iti. — There  are  other  subjective  tests 
for  astigmatism,  some  of  which  it  will  be  well  to  mention 
briefly.  Various  instnunentB,  called  Optometers,  have  been 
devised  for  the  purpose  of  facilitating  the  estimation  of  the 
refraction  ;  most  of  these  consist  essentially  in  an  arrangement, 
more  or  less  ingenious,  by  which  lenses  of  various  powers  and 
in  ditferent  combinations  can  be  rapidly  placed  in  succession  in 
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front  of  the  eye  which  ia  to  be  examined,  the  test  object  being 
Snellen'^  types;  these  require  no  further  description  here. 
The  distinctive  feature  of  others  is  the  nature  of  the  test 
object  :  thus  in  Tweedy's  Optometer  they  consist  of  a  series  of 
radiating  lines  on  a  clock  dial,  sliding  on  a  graduated  bar  (fig. 
108) ;  the  eye,  if  not  already  myopic,  is  rendered  so  by  a 
lens,  so  that  the  farther  extremity  of  the  bar  lies  within  the 
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patient's  range  of  vision.  The  dial  is  then  gradually  approxi-  ' 
mated,  and  the  distance  noted  at  which  one  of  the  radiating 
lines  is  seen ;  by  eotuparing  the  corresponding  nuQiber  on  the 
graduated  bar,  and  the  lens  in  front  of  the  eye,  the  refraction 
of  the  meridian  at  right  angles  to  the  line  seen  can  be  calcu- 
lated. In  the  same  way  the  refraction  of  the  other  principal 
meridian  is  ascertained,  and  the  glass  found  which  renders  all 
the  lines  equally  distinct. 

An  attempt  was  made  a  few  years  ago  to  utilise  the  prin- 
ciple of  a  very  old  teat  known  as  Scfieiner's.  This  depends  on 
the  fact  that  an  Emmetropic  eye,  looking  at  a  point  of  light 
through  two  minute  apertures,  placed  close  together,  sees  the 
point  singly,  because  the  rays  which  jmss  through  each  aperture 
meet  at  the  same  [wint  on  the  retina ;  but  an  Ametropic  eye 
under  the  same  circumstances  sees  the  point  reduplicated, 
becaune  the  rays  coming  tlirough  the  two  apertures  would  meet 
in  a  single  point  in  front  of  the  rptiua  in  myopia,  and  behind 
it  in  hypermetropia,  and  would,  therefore,  in  either  case,  cut 
the  retina  in  two  separate  places  ;  the  test,  however,  is  not 
sufficiently  accurate  for  practical  use. 

Thompsons  ametroinetei'  is  an  ingenious  instrument,  but 
labours  under  the  same  disadvantage  as  the  preceding  test.  In 
it  two  small  flames  are  looked  at  from  a  distance,  and  the  size 
of  the  projected  images  of  the  circles  of  diffusion  which  they 
form  on  the  retina  ia  measured  by  finding  the  extent  to  which 
the  flames  must  be  separated  in  order  that  their  images  should 
appear  to  touch  each  other,  but  not  to  overlap.  The  two  lights 
can  be  placed  in  any  meridian,  and  the  calculation  made  for 
the  meridian  of  the  eye  which  is  at  right  angles  to  if. 

Among  objective  testa  the  use  of  the  ophthaluioseope  takes 
the  foremost  place,  and  it  may  be  employed  In  several  ways ; 
but  they  have  this  feature  in  common,  that  the  result  depend* 
on  the  direction  given  by  the  refracting  media  of  the  eye  to 
the  rays  which  are  reflected  from  the  retina,  these  rays  being, 
as  we  have  seen,  parallel  in  Emmetropia,  canvei-f/eiit  in  Myopia, 
and  diveri/ent  in  Hypermetropia. 

iii.  Testing  by  Direct  Ophthalmoicopio  Examination. — ThiK 
test  was  very  warmly  ad^'ocated  by  .Mr.  Couper  some  years  ago, 
when  objective  tests  were  little  used,  .ind  has  been  extensively 
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practised  by  him  and  others ;  as  an  approximate  t«st  it  is  ex- 
ceedingly useful,  and  its  employment  should  be  practised  by 
everyone.  To  render  it  an  accurate  test  requires  considerable 
ei[ierience,  and  even  with  this  it  is  in  most  hands  inferior  to 
«ome  other  methods,  at  any  rate  in  astigmatism. 

An  ophthalmoscope  containing  a  series  of  convex  and  concave 
tenses  is  necessary,  and  the  surgeon  must  be  able  to  relax  his 
own  accommodation.  We  have  seen  that  in  emmetropia  the 
rays  from  the  fundus  are  parallel  on  leaving  the  eye,  and  that 
therefore  they  are  focussed  ou  the  surgeon's  retina  (if  his  ac- 
commodation is  relaxed)  when  his  eye  is  placed  close  behind 
the  sight-hole  of  the  mirror,  and  when  the  latter  is  held  close  to 
the  eye  under  examination.  If  the  rays  coming  from  the  eye 
are  parallel,  as  In  emmetropia,  a  convex  lens  will  render  them 
convergent,  and  they  can  then  be  no  longer  focussed  by  the 
observer's  eye.     Hence — 

In  Emmetropia  tin  fundaa  is  clearly  seen  inthoid  any 
lens  Miiiid  l)t€  miTTOT,  and  a  convex  glass  Tenders  the  hnage 
blurred. 

In  Myopia  the  rays  are  convergent  on  leaving  the  eye, 
hence  the  fiindus  cannot  be  seen  by  an  emmetropic  eye  until 
they  liuve  been  rendered  parallel  by  a  concave  lens.  The 
weakest  concave  lens,  which  makes  the  details  of  the  fundus 
clear,  is  the  measure  of  the  myopia — provided  of  course  that 
neither  the  patient  nor  surgeon  is  using  his  accommodation  ; 
if  a  Ktronger  lens  is  use<l,  the  rays  are  rendered  divergent,  and 
«m  then  only  be  focussed  by  the  surgeon  using  bis  accommo- 
dation; this,  however,  is  done  instinctively,  and  by  must 
people  unconsciously,  so  that  the  fundus  is  still  clearly  sei-n 
with  a  concave  lens  much  stronger  than  that  required  to  correct 
the  myopia.     It  follows  from  what  has  been  said  tltat — 

In  Myopia  the  f undue  can  only  be  seen  by  utiing  a  eon- 
cave  /^;i«,  ajtd  the  wtakeat  concave,  glass  with  which  it  can  bt! 
«ren  is  the  measure  of  the  Myopia. 

In  Hypermetropia,  the  jMitient's  accommodntion  being  re- 
laxed, the  rays  leave  the  eye  diverging;  a  clear  view  of  the 
fundus  can  therefore  be  obtained  only  by  the  surgeon  using  hit 
accommodation.  Moiit  peo](Ie  are  unconsdona  of  the  act  of 
accommodation,  and  therefore,  seeing  the  fundus  clearly,  may 
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thick  that  the  eye  is  emiiietroj>ic ;  but  if  a  convex    glass 
now   placed  behind  the  mirror,  the   accommodation   ]>artially 
relaxes,  and  the  fundus  ia  still  clearly  seen.     It  follows  thei 
fore  that — 

The  fundus  of  a  Hypei-nietropic  eye  can  be  seen  leith 
eunveir.  lens;  and  the  strongest  convex  lens  with  which 
can  be  clearly  seen  is  the  measure  of  the  hypermetropia. 

To  recapitidate. — The  patient's  accommodation,  and 
of  the  surgeon,  being  relaxed. — If  the  fundus  is  clearly  seen 
ivithout  any  lens  behind  the  mirror,  the  case  may  be  one  of 
Em/metropia  or  Hypermetropia,  but  cannot  be  Slyopia.  If  a 
convex  lens  renders  the  image  blurred  it  is  EmmetropiOf  if 
it  remains  distinct  it  is  Hypermetropia,  If  the  fundus  can 
only  be  clearly  seen  with  a  concave  lens  it  is  myopia. 

The  weakest  concave  lens  ia  Ute  measure  of  ike  myopia. 

The  strongest  convex  tens  -Is  the  measure  of  the  hyper- 
metropia. 

In  Astigmatism  the  disc  appears  to  be  of  an  oval  shape, 
and  the  vessels  which  run  in  different  directions  are  viewed 
under  different  conditions  (see  figs.  1  and  2  on  the  opposite 
page);  thus,  supposing  the  eye  to  be  emmetropic  in  the  hori- 
zontal meridian,  and  myopic  in  the  vertical,  the  vertical  vessels 
will  be  clearly  seen,  but  the  horizontal  will  require  a  concave 
lens  to  render  them  distinct.  This  follows  from  what  was  said 
in  p.  339,  for  since  the  rays  from  any  point  on  the  retina 
which  come  out  through  the  horizontal  meridian  are  parallel, 
they  are  focussed  on  the  observer's  retina,  and  by  the  rule 
there  given  a  vertical  linear  image  of  the  point  will  be 
formed  on  the  observer's  retina ;  if  now  a  vertical  vessel  b© 
looked  at,  it  is  seen  clearly,  because  all  its  jwints  form  elongated 
vertical  images  which  overlap  one  another ;  the  horizontal  vessel, 
on  the  contrary,  looks  blurred,  because  the  images  of  its  points 
are  elongated,  not  in  the  direction  of  its  length,  but  across  it  ; 
but  if  a  concave  lens  is  placed  behind  the  mirror  of  such  a 
strength  as  to  bring  the  rays  coming  through  the  vertical 
(myopic)  meridian  to  a  focus  on  the  retina,  the  horisoctal 
vessels  will  be  clearly  seen. 

Hence  we  get  this  rule  for  the  estimation  of  astigmatism : 

The  refraction  of  either  principal  viendian  can  be  ascer- 
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tained  by  finding  the  weakest  concave  or  strongest  convex 
Uns,  vltk  which  the  vesseU  whose  course  is  at  right  angles  to 
that  meridian  can  be  seen. 

With  practice  it  is  possible  to  estimate  astigmatism  with 
great  accnracy  by  this  method  in  most  cases,  but  there  are 
several  difficulties.  On  the  disc  itself  vessels  can  usually  be 
found  runiiing  in  several  directions,  but  the  refraction  of  the 
region  of  the  yellow  spot,  and  not  that  of  the  optic  disc,  is  vhat 
is  required,  and  in  the  region  of  the  macula  there  are  but  few 
vi'ssels  to  be  found,  anil  these  frequently  do  not  lie  in  the 
principal  meridians.  Mr.  Tempest  Anderson  has  endeavoured 
to  remove  this  difficulty  by  an  ingenious  apparatus  by  which  an 
image  of  fine  trirex  radiating  from,  a  common  centre  is  thrown 
on  the  retina,  those  of  the  lines  which  correspond  to  the  princi- 
|ml  meridians  of  refraction  being  used  as  test  objects. 

iv.  Teating  by  the  Indirect  metbod  of  Opiitbalinoioopio 
Examination. 

Ill  Emmetrop^la  the  image  remains  of  the  eavie  t>ize,whal~ 
ever  is  the  distance  of  the  lens  from,  the  observed  eye. 

In  Myoj'ia  the  image  enUtrges  as  the  lens  is  withdrawn 
from  the  eye. 

Ill  Hypermetropiit.  it  dim.inislies. 

In  Astigmatism  the  shape  of  the  disc  appears  to  change  as 
the  lens  is  withdrawn ;  when  the  laiter  is  close  to  the  eye, 
the  disc  apjiears  o^'al,  the  long  diameter  corresponding  to  the 
meridiBD  of  least  refraction  (which  is  the  reverse  of  what  occurs 
in  the  direct  method) ;  as  the  leus  is  withdrawn  the  relative 
HJze  of  the  diameters  changes  until  the  long  axis  corre8i>ond8 
with  the  meridian  of  gn-atctit  refmction. 

V.  Teitiiigr  with  mirror  alon*,  held  at  %  dittanoe.— (a) 
Fundus-Jmage  Test,  (b)  Rhinoscopy. — In  addition  to  the 
methods  of  using  the  ophthalmoscope  already  described,  the 
two  following  are  very  useful  in  estimating  refraction ;  in 
iNith  the  ophthalmoscopic  mirror  alone  is  employed,  and  is 
ln'ld  at  a  considerable  distance  from  the  eye.  The  firrt.  of 
these  maybe  called  the  *Fundus-Image' test ;  the  other  hta 
been  ca]le<]  '  Ketinoscopy,'  hut  would  be  more  appropriately 
designatMl  by  wme  such  term  as  '  Shadow  Test.' 

(a)  Fiimlus'lmage  Test. — If  the  mirror  be  held  at  a  con- 
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siderable  distance  from  an  Emmttropie  eye  no  image  of  any 
details  of  the  fundus  is  seen,  but  only  a  red  reflex  ;  this  is 
because  only  the  very  minute  point  of  the  fundus  is  seen  which 
lies  on  the  axis  along  which  Ugbt  is  reflected  into  the  eye,  forJ 
the  rays  from  any  other  point  on  the  fundus  form  a  pencil  ofl 
rays  parallel  to  the  axis  on  which  the  jtoint  is  eituated,  so  tbntl 
by  the  time  the  rays  from  any  two  such  jxtints  have  reached 
the   distance  at  whinh   the  observer's  eye  is  placed  the  two 
pencils  are  widely  sei>arated  (fig.  109). 


In    myopia  and  hypernietropia,  however,  a  portion  of  I 
fundus  is  seen  whose  extent  is  in  pnLijwrtion  to  the  degree  of 
ametropia.    In  Myopia,  as  we  have  seen,  a  real  inverted  image 
{a'  V,  fig.  1 10)  of  the  fundus  is  formed  in  the  air  at  the  patient's 
'  far-point,'  and,  since  this  is  in  front  of  the  patient's  eye, 
appears  when  the  observer's  head  is  carried  from  side  to  sidtt  I 
to  move  in  the  opposite  direction. 


In  II ijpprmeiropw,  the  emerging  ray^s  form  (Uvergent  pencils ; 
hence  the  image  of  the  fundus  is  virtual  and  erect,  and  u 
formed  behind  the  patient's  eye  (see  tig.  Ill),  it  therefore 
appears  to  move  in  the  aame  direction  as  the  observer's  heud. 

Hence  we  get  this  rule : 

If,  w/tite  the  mirror  ia  held  two  feet  or  mc 
an/y  details  of  the  funduB  are  8Bm,  the  eye 


s  from  the  ej/t 

8  either  hyper-  ^j 
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mstropie  or  myopic.  If  the  veaeela  move  in  tke  same  directum 
«8  the  head,  it  ia  Hypermetropic  ;  if  in  the  opposite  direction, 
it  ia  Myopic, 
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(b)  RetinoBCopy,  or  Ike  Shadow  Teat.^-'Vt'hen  light  is 
reflected  into  tat  eye  from  a  mirror  held  at  a  distance  of  a  little 
fiver  a  metre,  and  the  mirror  rotated  to  and  fro  on  one  of  its 
aies,  the  appearance  seen  through  the  sight-hole  of  the  mirror 
varies  with  tlie  refraction  of  the  eye. 

In  one  [lostilion  of  the  mirror  the  whole  pupil  is  occupied 
by  a  red  reflex,  hut  if  it  be  rotated  slightly  this  red  reflex  shifts 
its  pwition  so  tiiut  a  limited  area  of  the  pupil  becomes  less 
illuminated,  and  the  appearance  presented  is  that  of  a  shadow 
creeping  a  short  dintance  over  the  pupillary  area  (6g.  1  lt£). 

If  a  I'oncave  raim^r  be  nsed  the  '  shallow '  appears  to  move 
in  the  same  direction  as  the  rotation  in  myopia,' 
and  in  the  opjtosite  direction  in  hjpermetropia. 

Before  considering  how  this  fact  may  be  utilised 
as  an  accurate  test^  not  only  of  the  kind  of  error, 
but  alw  of  its  degree,  it  would  lie  well  to  explain     no.  ni. 
the  mtimiale  of  the  phenomena. 

When  rays  of  light  from  a  lamp  (L,  flg,  1 1 3)  fall  on  a  con- 
cave mirror  (m,)  they  are  rendered  convergent,  and  an  inverted 
image  of  the  lamp  flame  (t,)  is  formed  in  the  air  a  little  nearer 
the  patient  than  the  principal  focus  of  the  mirror,  which  should 
lie  nlivut  25  cm.  If  tlie  mirror  be  rotated  in  any  direction — 
say  downwards — as  to  U|  the  aerial  image  of  the  lamp  flame 
will  more  in  the  onme  direction,  as  to  ly  If  the  eye  is  myopic 
to  such  a  d^ree  that  its  *  fiir-point '  coincides  with  the  position 
IbonU  oneeiooptioQiottiU,  wbiob  will  l>«  nolioed  procDilj.   (See  p.  308.) 
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of  f[  or  ij,  a  well-defined  image  of  one  of  these  will  be  fortned 

on  the  retina  at  l\  or  L\,  and  since  the  relative  position  of 
external  objects  is  inverted  on  the  retina,  the  lower  the  aerial 
image  the  higher  will  be  that  on  the  retina.  In  other  words, 
the  retinal  image  of  the  flame  will  move  in  the  opjwsite  direc- 
tion to  that  of  the  rotation  of  the  mirror. 

In  any  other  state  of  refraction  but  that  juat  indicated,  no 
true  retinal  image  of  the  flame  will  be  formed,  but  a  circular 
*  diffusion -image.'  The  size  of  the  latter  will  vary  with  that  of 
the  pupil,  and  with  the  refi-action  of  the  eye,  but  it  will  in  any 
case  occupy  only  a  comparatively  small  portion  of  the  fundus, 
Since  the  size  of  the  dilated  pupil  is,  pract  ically,  a  fixed  quantity. 


I 


that  of  the  diffusion-image  will  depi-nd  on  the  extent  to  which  I 
the  refraction  differs  from  a  myopia  with  the  '  far-point '  at  I 
the  aerial  image  ;  the  diffusion-image,  however,  enlarges  more  i 
rapidly  with  increasing  degrees  of  myopia  than  with  increasing  1 
degrees  of  hypermetropia,  owing  to  the  greater  length  of  the  j 
eye  in  the  former  case. 

It  is  evident  that  in  any  case  the  movement  of  the  •  diffa-  | 
aion-image  '  must  always  be  in  the  opposite  direction  to  that  of  I 
the  rotation  of  the  mirror.'  Therefore  the  difference  iu  the  \ 
appearance  in  myopia  and  hypermetropia  does  not  depend  on  «  I 
real  difference  in  the  direction  of  movement  of  the  light  on  the  ■ 
fundus,  but  on  a  difference  in  the  conditions  under  which  the 


if  that  deacribed 
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funoas  18  seeD,  in  the  two  cases.  What  this  difference  is  the 
reader  will  easily  see  byrefeiriDg  to  what  has  been  already  said 
when  speaking  of  the  '  fundus-image '  test  (see  p.  364).  We 
tlien  Baw  that  at  a  distanoe  from  the  eye  an  erect  image  of  the 
fundus  is  seen  in  hyperroetropia  and  an  inverted  image  in 
myopia,  while  in  emmetropia,  only  an  infiniteaiinal  portion  of 
the  fundus  is  visible.  Hence  in  hyperroetropia  the  'diffusion- 
image '  is  seen  to  move  in  its  true  direction,  i.e.  opposite  to  that 
of  the  mirror,  while  in  myopia  it  a]>peHrs  to  move  in  the  reverie 
direction  to  the  actual  one,  i.e.  in  the  »ame  direction  as  the 
mirror.  The  mode  of  production  of  the  characteristic  shadow  will 
be  made  plain  by  the  following  diagrams.    Fig.  1 14  represents  a 


iiy|>ermetropic  eye,  and  tlie  degree  of  hypermetropia  is  such  that 
n  virtual  image  (a'  b')  of  a  jiortion  of  the  fundus  (h  b)  is  visible. 

For  the  Bake  of  simplicity  we  will  aiisume  that,  in  the  first 
position  of  the  mirror,  the  'diffusion-image'  exactly  coincides 
with  a  b,  therefore  the  whole  of  «'  b'  will  be  illamiuated,  and 
the  whole  of  the  pupil  appear  occupied  by  a  red  reflex.  Now  let 
the  mirror  be  rotated  downwiu-ds,  so  that  the  'diffusion-ima^' 
no  longer  coincidea  with  a  b,  but  J9  shifted  upwards  (o  the  posi- 
tion indicated  by  the  dotted  line ;  the  lower  portion  of  a  b,  and 
therefore  of  o'  b',  corre§ponding  to  a,  will  now  be  unilluminated, 
and  therefore  appear  as  n  '  shiulow,'  while  the  upi>er 
|iart, corresponding  to  t,  will  still  give  ibe  red  retlex. 
Hrnce  the  lower  part  of  the  pupil  will  present  a  i 
'  shadow,'  while  tlie  remainder  will  he.  bright  (fig.  115). 
in  other  words,  the  *  shadow'  haa  moved  upwardfi,  ~ 
or  in  the  apponiU  direction  (o  tbv  mirror. 

In  myojiia,  if  tlie  mirror  i»  rotated  downwards  a  different 
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appearance  will  be  produced.  Let  iig.  116  represent  an  ej9 
which  is  myopic  to  such  an  extent  that  an  inverted  image  a'  b' 
of  a  portion  of  the  fundus,  a  6,  is  formed.     If,  as  before,  the 


'  diffuaion-image  '  coincides  with  a  6  in  the  first  position  of  the 
mirror,  the  whole  of  a'  6',  aud  therefore  the  whole  of  the  pupil, 
will  appear  of  a  red  colour.  If  the  mirror  be  now  rotated  down- 
wards so  that  the  '  diffusion -image '  is  shifted  upwards  towards 
((,  to  the  position  indicated  by  the  dotted  line  (fig.  116),  the 
part  of  ft  6  nearest  to  h  will  be  now  unillumined. 

Oaud  therefore  the  portion  of  the  image  of  V  nearer 
to  h'  (corresponding  to  s)  will  be  in  shadow,  while 
the   remainder  (corresponding  to  i)  will  still  give 
F[G   117       *''^   ^^"^   reflex;    in   other   words,  the   shadow-   hag 
appeared  to  move  downwards,  that  ia,  in  the  sarat 
direction  as  the  mirror,  and  the  pupil  will  present  the  appear^ 
nnce  depicted  in  fig.  117. 

Besides  the  difference  in  the  direction  of  tlje  shadow,  wbit^h 
is  due  to  the  kind  of  ametropia,  there  are  diflferences  in  the 
rate  of  movement  and  the  brightness  of  the  reflex  which  de- 
pend upon  its  degree.  The  higher  the  degree  of  ametropia  the 
larger  is  the  area  of  fundus  Keen  (see  p.  364),  but  this  is  pro- 
(lortionately  less  magnified.  Hence,  with  an  equal  amount  of 
real  movement  of  the  light  on  the  fundus,  the  movement  of 
the  '  shadow '  will  appear  to  be  slower  in  high  than  in  lowi 
degrees.  j 

The  brightness  of  the  reflex  also  varies  with  the  degree  offl 
ametropia.     We  have  seen  that  in  low  myopia  (about  1  D.)  i 
well-defined  retinal  image   of  the  flame  is  formed;  henee  in 
this  condition  the  light  is  most  concentrated  on  the  fundus.    IqI 
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jiroportion  as  the  refraction  differs  from  this,  the  larger  is  the 
area  of  the  fundus  over  which  the  same  amount  of  light  is 
spread,  hence  the  illumiiiatioQ  of  any  given  point  is  proportion- 
ately diminished. 

The  practical  bearing  of  what  has  been  said  will  be  made 
plain  by  a  few  examples. 

Example  1. — The  reflex  is  dull,  the  shadow  moves  in  the 
opposite  direction  to  the  mirror,  but  only  a  short  distance  across 
the  pupil ;  the  case  is  one  of  high  hypermetropia. 

If  convex  lenses  of  increasing  strength  be  now  jilaced  be- 
fore the  eye,  the  reflex  becomes  brighter,  the  movement  of  the 
shadow  greater,  but  its  edge  less  defined ;  finally,  the  shadow 
becomes  indistinct,  and  then,  if  still  stronger  lenses  are  used,  it 
reappears,  moving,  however,  now  in  the  same  direction  as  the 
mirror,  and  the  eye  has  been  rendered  myopic. 

We  have  seen  that  the  myopic  appearance  is  produced  by 
the  inversion  of  the  fundus  image,  and  as  this  occurs  at  the 
far-point  of  the  eye,  it  can  only  be  seen  when  the  latter  is  be-  • 
tween  the  patient  and  observer,  and  not  too  near  the  latter; 
for  this  reason  a  myopia  of  less  than  1  D.  cannot  therefore  be 
recognised  at  the  distance  at  which  the  mirror  is  usually  held, 
but  if  the  distance  be  increased  a  very  much  smaller  amount 
can  be  recognised. 

There  are  two  ways  of  estimating  the  amount  of  Ame- 
tropia by  this  method ;  the  one  is  to  gradually  increase  the 
strength  of  the  lens  until  the  myopic  shadow  is  seen,  and 
then  tn  deduct  1  D.  from  the  lens  used.  The  other  is  to  find 
the  weakest  lens  which  renders  the  shadow  indistinct.  After 
a  little  pnictice  it  will  be  found  that  the  lens  which  correct* 
the  ametropia  can  be  found  in  thifl  way.  As  the  tendency  is 
rather  to  over-correct  hypermetropia  by  this  te«t,  and  so  render 
the  eye  myopic,  it  is  a  good  plan,  as  soon  as  the  lens  has  bees 
found  which  appears  t^i  correct  the  ametropia,  to  hold  the 
mirror  farther  away,  and  see  if  there  is  then  a  myopic  shadow, 
if  BO  a  weaker  lens  must  of  course  l>e  taken. 

Example  2. — The  reflex  is  bright,  the  shadow  moves  over  a 
large  portion  of  the  papillary  area,  and  in  the  opposite  direction 
to  the  rotation  of  the  mirror. — Hyiiermetropia  of  low  degree. 
It  is  to  be  corrected  as  in  the  preceding  example. 
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Example  3, — The  reflex  very  dull,  the  shadow  moving 
slightly,  and  in  the  same  direction  as  the  mirror.  High  myopia. 
Concave  lenses  should  now  be  placed  m  front  of  the  eye,  their 
atrength  being  increas  3d  until  the  shadow  moves  in  the  opposite 
direction.  A  lens  a  little  weaker  than  this  will  give  the  correction: 
Example  4, — The  reflex  is  brighter,  the  shadowmovesin  the 
same  direction  as  the  mirror  and  over  a  large  portion  of  the 
pupil.     Low  myopia.     Correct  aa  in  preceding  example. 

The  great  advantage  of  this  test,  however,  consists  in  the 
ease  with  which  it  can  be  apphed  to  the  estimation  of  aatig- 
matiem.  The  refraction  of  any  one  meridian  can  be  ascer- 
tained by  noting  the  movement  of  the  shadow  in  that  meridian. 
This  will  be  made  plain  by  a  few  examples. 

Example  1, — The  mirror  being  rotated  on  its  vertical 
(bo  that  the  light  moves  transversely  on  the  retina),  the  emme- 
tropic appearance  is  seen,  while  on  rotating  it  on  its  horizontal 
asis  (so  that  the  light  moves  vertically  on  the  retina)  a  shadow 
is  seen  to  move  in  the  same  direction  as  the  mirror.  The  caae 
IB  one  of  Simple  ."Myopic  Astigmatism,  the  horizontal  being  the 
emmetropic  and  the  vertical  the  most  myopic  meridian.  In 
order  to  correct  the  error,  we  use  a  concave  cylindrical  lens  with 
its  axis  horizontal. 

Example  2, — We  will  now  suppose  that  in  testing  the  hori- 
zontal meridian  {by  causing  the  light  to  travel  transversely)  tb» 
shadow  moves  in  the  opposite  direction  to  that  of  the  mirror, 
while  in  the  vertical  meridian  there  is  no  distinct  sliadow.  The 
case  is  one  of  Simple  Hypermetropic  Astigmatism,  and  will  bfr 
corrected  by  a  convex  cylinder  with  its  axis  vertical, 

Example  3. — If  in  both  meridians  the  movement  of  th& 
shadow  indicates  the  same  kind  of  error,  a  difference  io  ita 
d^ree  may  be  suspected  if  a.  difference  in  the  rate  of  movement 
18  noticed.  Spherical  lenses  must  now  be  placed  in  front  of 
the  eye  until  one  is  found  which  renders  one  meridian  emme- 
tropic. If  the  meridian  at  right  angles  to  this  still  rei 
ametropic  the  case  is  one  of  Compound  Astigmatism  which 
has  been  converted  by  the  spherical  lens  into  one  of  Simpli 
Astigmatism.  This  remaining  error  can  be  corrected  by  & 
cylindrical  lens  having  its  axis  in  the  direction  of  the  corrected 
meridian  (as  in  Examples  1  and  2). 
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Sxample  4. — The  shadow  movea  in  the  same  direction  as 
the  mirror  in  one  meridian,  and  in  the  oppoait*  direction  in 
the  other. — The  case  is  one  of  Mixed  Astigmatism.  Spherical 
lenses  should  now  be  placed  in  front  of  the  eye,  so  as  to  cor- 
rect one  meridian,  thus  converting'  the  case  into  one  of  Simple 
Astigmatism. 

For  instance — a  hypermetropic  shadow  is  seen  moving  in 
the  horizontal  meridian,  and  a  myopic  in  the  vertical ;  convex 
lenses  are  used,  and  it  is  found  that  +  2  D.  renders  the  horizon- 
tal meridian  emmetropic.  The  vertical  will,  however,  have 
been  rendered  more  myopic,  for  it  was  rayopic  to  begin  with 
and  +  2  D.  has  been  added.  To  correct  the  error  a  concave 
cylinder  must  now  be  used  with  its  axis  horizontal,  and  we 
know  that  its  strength  must  be  greater  than  2  D.  If  with 
+  2  D.  sph.  it  is  necessary  to  use  —4  D.cylinder  to  correct  the 
vertical  meridian,  it  indicates  that  this  meridian  is  myopic  to 
the  extent  of  2  D.  (for  2  D.  out  of  the  four  have  been  employed 
in  neutralising  the  vertical  meridian  of  the  spherical  lens). 
Another  method  is  to  correct  each  principal  meridian  with  a 
cylinder;  in  practice,  however,  this  is  less  convenient,  as  it  is 
difficult  to  insure  the  axes  of  the  lenses  being  exactly  at  right 
angles  to  each  other. 

If  the  principal  meridians  are  not  exactly  horizontal  and 
vertical,  but  slightly  oblique,  and  the  mirror  is  rotated  on  its 
horizontal  or  vertical  axis,  the  edge  of  the  shadow  will  coincide, 
not  with  the  axis  of  rotation  of  the  mirror,  but  with  the  nearest 
princifial  meridian,  and  will  therefore  indicate  the  direction  of 
the  latter;  sometimes,  however,  it  is  easier  to  judge  of  the 
direction  of  the  movement  than  of  the  exact  amount  of  obliquity 
of  the  shadow  edge. 

We  have  seen  that  the  real  movement  of  the  light  (and 
therefore  of  the  'shadow')  on  the  fundus  is  along  a  line  at 
right  angles  to  the  axis  on  which  the  mirror  is  rotated.  What- 
ever may  be  the  retU  movement-,  however,  it  always  appears  to 
take  place  in  a  direction  at  right  angles  to  the  edge  of  the 
shadow.  This  can  be  illnstrated  by  the  simple  experiment  of 
{Missing  a  cord  with  its  edge  held  obliquely  in  a  borizontAl 
direction  acroBs  an  aperture  (as  suggested  by  Dr.  Chamley ')[ 

•  opA.  J/*v.  Jl'p.  X.  ill.  p.  su. 
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it  will  then  be  seen  that  although  the  real  movement  of  the 
card  is  horizontal,  its  apparent  direction  ia  along  a  line  at  right 
angles  to  its  edge. 

Hence  the  direction  in  which  the  shadow  moves  across  the 
pupil  depends  on  the  direction  of  its  edge,  i.e.  of  the  margin  of 
the  ditf us  ion-image  formed  on  the  retina.  In  astigmatism  (to 
simplify  the  explanation  we  will  here  assume  that  the  astigma- 
tism is  Simple),  the  outline  of  the  diffusion -image  is  not  exactly 
circular  but  oval,  and  only  those  parts  of  its  outline  will  be 
clearly  seen  whose  direction  coincides  with  that  of  the  emme- 
tropic meridian.  For  example,  supposing  the  vertical  meridian 
to  be  myopic  and  the  horizontal  emmetropic  (Simple  Myopic 
Astigmatism),  then,  at  the  '  far-point '  of  the  myopic  (vertical) 
meridian,  there  will  be  formed  horizontal  linear  images  of  every 
point  on  the  outline  of  the  diffusion-figure,  hence  only  the 
horizontal  edges  will  be  clearly  seen,  because  here  only  will  the 
linear  images  be  superposed.  So  that  the  edge  of  the  shadow 
will  be  horizontal  and  its  movement  will  be  in  the  vertical 
meridian  whether  the  mirror  be  rotated  on  its  horizontal  axis 
or  on  one  which  is  slightly  inclined  to  the  horizontal,  and  so  it 
will  be  known  that  the  principal  meridians  are  vertical  and 
horizontal.  In  the  same  way  if  the  meridians  are  obliqae  the 
amount  of  obliquity  can  be  gauged  by  that  of  the  '  shadow-edge,* 
and  the  error  of  refraction  indicated  by  the  direction  of  it« 
movement,  while  correction  will  be  given  by  a  cylinder  with 
its  axis  parallel  to  the  shadow-edge. 

The  reader  will  fiii<I  it  helpful  to  verify  the  above  Btatements  faj 
eKperimentA  on  the  artificLiI  eye  (page  323).      If  the  ground-^lAss 
retina  be  used,  and  the  eye  viewed  from  behind,  while  the  light  is 
thrown  iu  through  the  pupil  in  the  same  way  as  in  retinoeoopy,  the 
movement  of  the  patch  of  light  on  the  ivtiDa  can  be  seen,  and  will  b« 
fbund  to  be  in  the  opposite  directioa  to  the  rotation  of  the  mirror, 
however  much  the  eye  Is   Bhortened    or   lengthened.     (It    will    ha 
noticed  thai  part  of  the  light  is  cut  off  on  the  side  towards  which  t 
illuminated  patch  moves,  but  this  does  not  affect  the  ezplauntion.)  I 
It  will  also  be  seen  that  a  well-defined  image  of  the  flame  is  fonn«4fl 
when  the  eye  is  slightly  myopic,  so  that  its  far-point  corresponds  < 
the  atrial  image ;  but  that  as  the  eye  is  shortened  or  leoj^theneil  t 
imaj^  becomes  circular,  and  JQCreoses  in  size,  more  rikpidly,  howev— J 
on  lengthening  than  on  shortening.    Having  seen  the  real  movemeal^V 
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the  apparent  movement  is  beet  seen  by  using  the  opaque  retina ;  the 
appearance  in  different  statesof  refractioa,  and  the  effwC  of  correcting 
them  with  glassee  in  the  clip,  should  then  be  observed.  Finally  the 
eye  should  be  made  astigmatic  by  the  addition  of  a  cylindrical  lena. 
If  the  eye  have  a  myopia  meridiun  ajid  the  ground^glase  retina  be 
used  with  the  light  placed  behind  it,  it  will  be  found  that  the  only 
lines  on  the  fiiadus  which  are  distinctly  seen  are  those  which  are  nt 
right  angles  to  the  myopic  meridian,  and  that  these  lines  (corresponding 
to  the  edges  of  the  shadows  in  the  test)  can  be  focuNsed  on  a  screen 
placed  at  the  '  far-point'  of  the  myopic  meridian.  With  the  opaque 
retina  the  appear&nce  seen  in  the  natund  astigmatic  eye  can  be  oloeely 
imitated. 

vi.  Oilier  objective  tetti. — Among  the  objective  methods 
of  estimating  astigmatiEm  mast  be  mentioned  the  measure- 
ment of  the  curvature  of  the  refracting  surfaces  of  the  eye  by 
special  inatrnments.  One  of  the  best  of  these  is  the  Ophthalmo- 
meter of  .Taval  and  Schiotz.  It  measures  the  refraction  of  the 
cornea  only,  and  both  for  this  reason,  and  because  of  its  coat,  is 
of  value  rather  aa  a  scientific  instrument  than  as  a  practical  test. 

It  works  on  the  principle,  which  is  common  to  most  ophthal- 
mometers, of  calculating  the  cu^^■atu^e  of  the  corneal  sur&ce 
From  the  size  of  the  images  of  a  given  object  reflected  in  it. 
The  chief  novelty  of  the  iuBtrument  consists  in  the  ingenuity 
with  which  the  difference  in  the  size  of  the  image  in  the  prin- 
cipal meridians  of  au  astigmatic  cornea  is  graphically  indicated, 
so  that  it  can  be  at  once  seenhowmany  dioptres  of  astigmatism 
it  corresponda  to. 

Since,  however,  astigmatism  of  the  cornea  can  be  increa«ed, 
diminished,  or  neutralised  by  astigmatism  of  the  crystalline  lens, 
the  value  of  the  instrument  as  a  practical  test  is  not  very  great 
except  in  aphakic  eyes. 

Section  VI.    General  CoNSiDEaATioss. 

The  use  of  mydriatics  sometimes  ent&ils  so  much  incon- 
venience on  the  patient  that  it  is  of  importance  to  kaov  in 
what  cases  they  may  be  dispensed  vith. 

In  myopia  the  employment  of  a  mydriatic  is  not  as  a  rule 
necessary  except  in  the  aun  of  young  children,  or  when  aati^ 
matism  is  prer>ent. 
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In  patients  under  twenty  with  hjpermetropia  or  astignistisD 

the  accommodation  should  as  a  rule  be  paralysed. 

In  those  who  are  slightly  older — say,  from  twenty  to  thirty 
— a  mydriatic  can  often  be  dispensed  with  provided  that,  in  the 
event  of  the  glasses  not  relieving  the  symptoms,  an  opportunity 
of  re-testing  can  be  procured. 

After  the  iige  of  thirty  mydriatics  are  seldom  necessary. 

No  hard  and  fast  line  can,  however,  be  laid  down,  and  much 
will  depend  on  individual  circumstances.  Thus,  if  a  patient  is 
using  the  eyes  for  near  vision  for  many  hours  daily,  as  is  the 
case  with  clerks  and  needlewomen,  a  very  accurate  correction  u 
necessary;  if,  on  the  other  hand,  the  eyes  are  only  used  for 
near  vision  for  a  short  time,  an  approximate  estimation,  noade 
without  the  use  of  atropine,  is  sufficient.  The  fact  that  a 
patient  has  previously  worn  glasses  without  relief  to 
symptoms  will  also  indicate  the  necessity  of  a  very 
examination. 

\Mjen  the  exact  refraction  of  the  eyes  has  been  ascertained^ 
the  question  arises  as  to  whether  full  correction  should  be 
ordered,  and  whether  the  glasses  should  be  worn  always  or  only 
occasionally.  In  young  myopes  it  is  said  that  the  constant 
wearing  of  glasses  which  fully  correct  the  ametropia  has  a 
tendency  to  increase  the  myopia,  and  that  it  is  better  to  give 
such  patients  a  glass  which  will  enable  them  to  Eee  at  their 
working  distance  without  using  any  accommodation.  That  full 
correction  does  tend  to  increase  the  myopia  is  a  proposition 
which  it  is  difficult  to  prove,  but  the  behef  is  almost  imiTeraal 
among  German  ophthalmic  surgeons  tJmt  such  is  the  case,  aod 
their  opportunities  of  forming  an  opinion  are  much  greater 
than  occur  in  this  country,  owing  to  the  greater  prevalence  of 
myopia  in  Germany  j  hence  it  is  a  s:ife  rule  in  ordering  glasses 
for  myopes  under  fifteen  years  of  age  to  give  two  dioptres  less 
than  full  correction,  thus  adapting  the  eye  for  a  distance  of 
twenty  inches,  and  to  direct  that  these  should  be  worn  constantly, 
while  the  additional  two  dioptres  required  for  distance  may  be 
added  in  the  form  of  eye-glasses  which  can  be  placed  in  front  of 
the  spectacles  when  accurate  distant  vision  is  required. 

If,  however,  the  patient  has  been  under  observation 
months,  and  there  has  been  no  increase  in  the  myopia  and 
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CTidence  of  any  thinning  of  the  choroid,  full  correction  iii:;y  be 
given. 

For  low  degrees  of  myopia,  less  than  3  D.,  in  patienU  from 
fifteen  to  thirty-five  full  correction  may  be  ordered  for  ail  pur- 
poaeB ;  the  difficulty  in  using  the  glasses  for  near  vision  which 
is  felt  at  first  is  soon  overcome  by  practice.  After  thirty-five 
the  glass  which  corrects  the  myopia  will  not  suit  for  near 
vision,  hut  since  a  myope  of  3  D.  can  read  at  33  era.  (13  ins.) 
he  does  not  require  glasses  for  near  objects.  If,  however,  such  » 
patient  has  for  severalyeara  constantly  worn  glasses  which  correct 
bis  myopia,  he  will  generally  be  able  to  continue  using  them  for 
all  purposes  up  to  the  age  of  forty-five.  After  this  he  will  re- 
quire for  near  vision  the  addition  to  his  glasses  of  the  presby- 
opic correction  corresponding  to  his  age  (see  table  on  p.  325, 
and  p.  377). 

In  the  higher  degrees  of  myopia  even  young  myopes  find  it 
irksome  or  impossible, when  their  myopia  is  corrected,  to  use  the 
amount  of  acconmiodation  necessary  for  near  vision;  not  that  this 
is  greater  than  in  emmetropia,  but  in  myopia  the  strnCtural  pecu- 
liarities of  the  ciliary  muscle,  and  the  feet  that  it  is  seldom,  or 
never,  called  into  action,  render  the  effort  difficult  or  painful.  In 
such  cases  full  correction  may  be  given  for  distance,'  and  for 
near  vision  a  gloss  weaker  in  proi>ortion  to  the  distance  for  which 
it  is  desired  to  adapt  the  eyes. 

For  eTAintpU. — A  myope  of  10  D.  requires  to  see  at  50  cm. 
(20  ins.) ;  la  enable  him  to  do  this  a  convex  lens  having  this 
focal  length,  i.e.  +2  D.,  must  be  added  to  the  glass  which 
corrects  the  myopia  ;  in  this  instance  — 10  D.  adapts  the  eye 
for  parallel  rays,  while  +  2  D.  renders  the  rays  which  come  from 
a  point  50  cm.  away  pamllel.  Hence  —  8  D.  will  effect  the 
rwiuired  object. 

In  ordering  glasses  for  hypemetropia  we  have  to  consider 
whether  the  jiatient,  having  been  accustomed  to  use  the  accom- 
modation constantly,  will  be  able  to  completely  relax  it,  as 
would  be  neceisary  for  distant  vision  if  full  correction  were 
given.  A  few  surgeons  do  order  full  oorxection,  but  in  th«  case 
of  yotmg  subjects  it  tnket  a  very  long  time,  more  patience  and 

<  AMnBlaK  thatjt  U  tastUUni  nf«  to  giro  fnU  oametkat  (m»  nIkim. 
^  874). 
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perseveraDce  than  some  possess,  for  them  to  get  thoroogfalj 
accuBtomed  to  the  glasses,  hence  it  is  geneially  better  to  deduct 
something.  As  to  the  amount  to  be  subtracted  tbeT«  i 
good  deal  of  difference  in  opinion  and  practice ;  some  oonect 
all  the  manifest  hypermetropia.  Others  Eubtxact  a  conatut 
fraction — usually  half  of  the  latent.  Others,  again,  take  off  k 
constant  amount,  as  0'50  or  1*0  D.,  &om  the  total  hypermetinpn, 
A  rule  which  practically  works  well  is  to  deduct  half  a  dioptn 
from  the  total  hypermetropia  when  the  glasses  are  to  be  worn 
constantly,  and  to  give  full  correction  when  they  are  c 
worn  for  near  vision.  After  the  age  of  thirty  full  < 
may  always  be  given. 

As  to  whether  glasses  should  be  worn  constantly  « 
occasionally  will  depend  on   the  circumstances  of  each   i 
Theoretically,  no  doubt,  it  is  best  that  the  ametropia  should  I 
kept  constantly  corrected,  but  there  are  often  objectiom  osfl 
the  part  of  patients  and  friends  to  the  constant  wearing  ( 
glassex.   Myopes,  when  supplied  with  glasses,  may  generally  bl  j 
left  to  follow  their  own  inclinations  as  to  the  manner  of  nsiiitf 
them.  In  children  with  hypermetropia  the  constant  use  of  glasses 
should  be  insisted  on,  but  in  adults  with  hypermetropia  of  less 
than  3  D.  it  is  sufficient  if  the  glasses  are  worn  for  near  visica 
In  the  higher  degrees  of  hyjjermetropia  and  in  astigmatism  < 
1  D.  or  more,  they  should  be  worn  constantly. 

Patients  are  often  very  anxious  to  have  eye-glasses  prescribed 
instead  of  spectacles.  When  they  are  only  to  be  used  occa- 
sionally there  is  no  objection  to  this  provided  that  there  is  no 
aetigmatism,  but  for  the  latter  spectacles  are  necessary, 
otherwise  difficult  to  insure  t  he  axis  of  the  cylinder  being  alwanl 
in  the  correct  position.  Up  till  about  the  age  of  forty-five  the* 
glass  which  corrects  the  eye  for  distance  should  theoretically 
suffice  for  near  vision,  and  this  is  ^tnally  the  case  except  in 
myopia  of  high  degree  or  myopia  which  is  not  corrected  until 
after  the  age  of  thirty.  After  forty-five,  however,  the  natural 
decay  of  the  function  of  accommodation  (presbyopia)  removes 
the  near  point  to  an  inconvenient  distance,  and  the  accom- 
modation has  therefore  to  be  supplemented  by  artificial  means. 
The  method  of  ascertaining  the  presbyopic  correction  for  tho  ] 
emmetropic  eye  proper  to  each  age  is  given  in  page  326.     In  J 
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smetropia,  as  a  rule,  the  glass  required  for  near  Tisioti  is  the 
presbyopic  correction,  corresponding  to  the  age  of  the  patient, 
added  to  the  glass  which  corrects  his  ametropia. 

Examples. — 1.  A  ^latient  aged  fifty  is  hypermetropic  to 
the  extent  of  1'5  D.  The  presbyopic  correction  for  the  age  of 
50  is  2  D.,  he  will  therefore  require  for  reading  +1'5 +  2  =  3-5  D. 

2.  A  patient  aged  fifty-five  is  myopic  to  the  extent  of  1  D. 
The  presbyopic  correction  is  3  D.,  therefore  he  will  require  for 
near  vision  —1*0  +  3  =  2  D. 

So  that  in  testing  a  patient  for  presbyopia  it  should  first  be 
ascertained  whether  there  is  any  ametropia  and  its  amount,  and 
the  presbyopic  correction  then  added  to  this. 

There  are  a  few  practical  points  with  reference  to  spectacles 
which  should  be  attended  to.  It  is  essential  that  they  should 
not  only  be  of  the  proper  strength,  but  that  they  should  be 
80  fitted  that  each  eye  looks  through  the  centre  of  the  glass. 
So  that  in  prescribing  spectacles  when  the  patient  cannot  visit 
the  optician,  it  is  necessary  to  give  the  distance  from  the  centre 
of  one  pQpil  to  that  of  the  other,  and  to  state  whether  they  are 
to  be  worn  for  distance  or  for  reading  &c.  Patients  often  ask 
whether  they  should  get  *  pebbles '  or  glass.  There  is  not 
much  practical  advantage  in  the  former  and  they  are  much 
more  expensive;  they  are  lighter  and  cooler,  and  may  therefore 
be  ordered  when  the  glasses  would  be  of  inconvenient  weight. 
In  most  pebbles,  however,  the  crystal  is  out  in  the  wrong  direc- 
tion, and  although  there  may  be  no  flaw  visible  to  the  naked 
eye,  such  lenses  are  inferior  to  glass. 
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CHAPTER  XV. 

DISEASES  OF  THE  OCULAR  MUSCLES, 

ANATOMY  AND  PHYSIOLOGY— DIPLOPIA— APPABENT  BTTUBTaMUS — PAIiA- 
LYTIO  STRABISMUS— CONCOMITANT  STBABISMUS — ^NYSTAGMUS — PARA- 
LYSIS OF  THE  INTRAOCULAR  MUSCLES — MYOSIS. 

Anatomy  and  Physiology. — Each  eye  is  acted  upon  by  three 
pairs  of  muscles  ;  the  muscles  of  each  pair  rotate  the  globe  in 
opposite  directions  round  the  same  axis ;  the  three  axes  cut 
each  other  in  a  single  point,  which  remains  immovable  in  all 
movements,  and  is  therefore  called  the  centre  of  rotation. 

The  centre  of  rotation  is  situated  13*5  mm.  behind  the 
oomea,  and  therefore  rather  behind  the  geometric  centre  of  the 
globe. 

The  visual  axia  or  line  is  the  straight  line  drawn  from  the 
yellow  spot  through  the  optical  centre  of  the  eye ;  in  order  that 
an  image  may  be  formed  on  the  yellow  spot  the  object  must  lie 
on  the  visual  axis.* 

The  primary  ^position  is  that  in  which  there  is  a  minimum 
innervation  of  the  ocular  muscles ;  the  head  is  held  erect,  the 
two  visual  lines  are  on  the  same  horizontal  plane,  and  are 
directed  straight  in  front  parallel  to  each  other. 

The  six  muscles  referred  to  above  are  the  four  recti  and  the 
superior  and  inferior  oblique. 

AU  the  recti  arise  from  the  apex  of  the  orbit ;  as  they  j>ass 
forward  they  diverge  from  one  another,  forming  a  hollow  cone 
which  includes  the  globe,  and  are  inserted  into  the  sclerotic  at 

*  The  line  offixatwn  joins  the  object  looked  at  and  the  centre  of  rotation. 
As,  however,  it  does  not  coincide  with  any  axis  of  the  eye,  or  with  the  coiirso 
of  any  ray,  there  does  not  seem  to  be  any  practical  advantage  in  retaining  the 
term. 
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distances  raogiug  from  6'5  to  8  mm.  &om  the  corneal  margia. 
The  ingertiou  of  the  iuternal  rectus  is  most  anterior,  and  that  of 
the  superior  rectus  most  posterior. 

The  oUiqutts  superior  piisses  from  the  apes  of  the  orbit  to 
the  upper  and  inner  part  of  the  orbital  margin,  and  there  pass- 
ing through  a  pulley  takes  a  direction  backwards  and  outwards 
to  be  inserted  into  the  upper  and  outer  part  of  the  globe  behind 
the  equator. 

The  obliquue  inferior  arises  from  the  inner  and  anterior 
part  of  the  floor  of  the  orbit ;  it  passes  backwards  and  outwards 
between  the  estemal  rectus  and  the  globe,  to  be  inserted  into 
the  sclerotic  at  its  up[>er  and  outer  part  behind  the  equator. 

Action  of  the  Oculur  Muscles, — The  action  of  any  muscle 
will  be  best  expressed  by  the  direction  in  which  it  causes  the 
centre  of  the  cornea  to  deviate  from  the  primary  position. 

The  following  table  shows  the  direction  of  the  axis  of  rota- 
tion and  the  action  of  each  individual  muscle  (see  tig.  1 18): 

„  I  IToriiontal.     Inner  eitmnitj   in- 1 

8ap  Kecfu    J   ^ined  folward*.    Konu,  wgle  of   "P""^' «"^  «-*^_^ 
Inf.  feetn.     \  ^^,  ^j^^  ^^  ^^^  ^g^  ^j^j       )  Do,nw«d«  ^d  inwud. 

Ext  Bectna    } ,._.     ,  I  Outmud* 

jDt.BootD.     (^<"«»1 ilnwanta 

Sap.  Obllqao  .  Downwards  and  oatmids. 

iriio&lnL    Oiiier  cxlreiuitj'  in- 1  Vertical  diameter  o(   Ibe 
>  dincl  oaiwarclii.     Kortiii   angle-  cornea inoliueddoiramitlit 
of  38°  with  Turud  Utic  (Hk.  IIS),     and  oalwanls 
Inf.  Obliqne   /  \  Dpnards  and  ontwards 

It  is  evident  that  if  the  superior  rectus  acts  in  conjunction 
with  the  inferior  oblique,  the  inclination  inwards  caused  by  the 
former  muscle  will  be  counteracted  by  the  outward  movement 
of  the  latter,  hence  a  direct  movement  upwards  will  reaotU  In 
the  same  way,  if  the  inferior  rectus  and  superior  oblique  act 
together  a  downward  inovem»;nt  is  pnKhn^ed.  Although  in 
the  above  table  a  definite  action  is  assigned  to  each  muscle* 
it  must  of  course  be  uuderetood  that  in  nil  the  movements 
of  the  eyes,  as  iu  thotte  of  the  limbs,  all  the  inu-wlee  are  oon- 
cemed,  for  they  are  all  in  a  condition  of  slight  touic  contiac- 
Lion,  so  that  if  noy  one  muscle  l>e  divided  or  paralysed,  its 
o]ij>onent  will  cause  the  eye  to  deviate,  while  if  they  an  all 
divided  the  globe  is  rendcreil  i>cree[)tibly  more  prominent. 
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Innervation  of  the  muscles. — The  nerves  BUpplyingf  the 
muscles  of  the  eye  are  the  third,  fourth,  and  sixth  pairs.  The 
third  nerve  (motor  oculi)  supplies  the  superior,  inferior,  and 


FiQ.  lis. — Diagram  oF  tho  attachments  of  tho  Muscles  of  the  left  Eje  and  of 
their  Axes  of  Botation,  the  latter  being  represented  by  Btio  lines.     Tb«    ' 
axis  of  rotation  of  the  rectos  extemus  and  internus,  being  perpendicnlar    i 
to  the  plane  of  the  paper,  cannot  be  shown.    (After  Fick.)    The  thick 
lines  indicate  the  poaitiou  of  the  muscles,  the  finer  lines  the  axes  of  rotation- 


latemal  rectus,  the  inferior  oblique,  the  levator  palpebrse,  the 
spbincter  pupillie,  and  the  ciliary  muscle.  The  fourth  (patfae— 
ticua)  supplies  the  superior  oblique.  The  aixth  (abdaceuA) 
supplies  the  external  rectus. 

Associated  movem.entB. — All  movements  of  the  eyes  have  for 
their  object  the  direction  of  the  visual  lines  to  the  same  point  in 
space ;  the  movements  of  the  two  eyes  are  therefore  necessarily 
associated.  Thus  in  looking  upwards  or  downwards  both  eyes 
are  moved,  and  the  same  muscles  called  into  play  in  each  eye. 
In  looking  to  the  right  or  left  both  eyes  are  moved,  but  the 
internal  rectus  of  one  is  associated  with  the  external  rectus  of 
the  other.     Both  the  internal  recti  can,  however,  be  called  into 


ASSOCIATED  MOVEMEXTS.  381 

action  and  the  eyes  rotated  inwards,  no  that  the  visnaJ  UneR 
converge.  It  is  imporlant  to  remember  that  the  act  of  oonver- 
t/ence  is  quite  indefwndent  of  the  other  conjugate  movements  ; 
thus,  while  convergent,  the  eyes  may  he  moved  upwards,  down- 
wards, to  the  right,  or  to  the  lefl,  the  amount  of  convergence 
remaining  the  same.  On  the  other  hand,  there  may  be  esces- 
aive  or  deficient  convergence  without  the  action  of  the  internal 
recti  for  the  other  conjugate  movements  being  in  any  way  in- 
terfered with.  Convergence  is  always  associated  with  con- 
traction of  the  pupil  and  the  act  of  accommodation,  and  in  the 
uormn)  eye  the  amount  of  accommodation  used  bears  a  definite 
relation  to  the  amount  of  convergence.  Thus,  looking  at  a 
distant  object  neither  accommodation  nor  convergence  is  used, 
but  in  proportion  as  the  object  is  brought  nearer,  so  the 
greater  is  the  amount  both  of  convergence  and  accommodation 
necessary. 

When  both  the  visual  lines  are  directed  to  tlie  same  point, 
the  image  of  that  point  falls  upon  the  yellow  spot  in  each  eye, 
and  the  two  retinal  images  are  combined  by  the  mind  to  form 
a  single  visual  impression ;  this  ia  called  binocular  vision. 

If,  however,  while  the  -visual  axis  of  one  eye  is  directed  to 
an  object  the  other  deviatea  from  this  direction,  the  condition 
is  spokea  of  as  atrabiamttv,  or  arjuint.  It  is  evident  that  in  the 
(leviating  eye  the  image  of  the  object  on  which  the  other  eye 
is  fixed  will  fall,  not  on  the  yellow  spot,  but  on  some  other 
part.  Thus,  if  the  eye  deviates  inwards  it  will  fall  to  the  inner 
Bide  of  the  yellow  spot,  if  outwards  to  its  outer  side.  The  mind 
judges  of  the  position  of  an  object  (j>ro}eet»  tht  image)  by  the 
part  of  the  retina  on  which  the  image  fidla ;  if  on  the  yellow 
iqM>t  the  object  is  known  to  be  on  the  visual  line,  if  on  the  out«r 
side  of  the  yellow  spot  tlie  object  is  known  to  lie  to  the  inner 
sidr  of  the  visual  Urn*,  nod  so  on.  Now,  in  stmhismns  the  mind 
takes  no  cognisance  of  the  fact  that  the  eye  is  deviating,  bat 
jirujecta  the  image  na  if  it  were  in  its  true  position.  Thus, 
supposing  that  one  eye  d<-viatefl  inwards,  the  other  eye  fixes  the 
object ;  its  image,  (idling  on  the  yellow  spot,  is  projected  as  lying 
on  the  visual  axis,  and  is  therefore  seen  by  Uiis  eye  in  its  irv* 
position  ;  but  in  the  squinting  eye  the  image  falls  to  the  inner 
side  of  the  yell'>w  siwt,  and  is  therefore  projected  to  a  poeition 
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on  the  outer  side  of  that  which  the  visual  axis  would  have  if  th»  ' 
eye  were  not  deviated.    Hence  two  images  are  seen,  a  true  and 
a  fahe,  and  the  diaplaoement  of  the  false  image  is  in  the  oppo- 
site direction  to  the  deviation  of  the  eye. 

Thus,  in  fig,  119,  let  r  be  the  right  eye,  and  L  the  left^  I 
which   deviates  inwariis,     I,fl    c   he   tho   fenlre   of  rotation^ 


Y  the  yellow  spot,  and  o  the  object  l.wked  at.     The  yellow  spot   i 
in  the  eye  r  is  directed  towards  the  point  o  ;  that  of  the  eye  u 
towards  x.     The  image  of  o,  in  the  left,  or  deviating  eye,  in- 
stead of  being  formed  at  y,  the  yellow  spot,  is  formed  at  o» 
and  the  eye  l,  which  judges  of  the  position  of  exterior  objects    i 
as  if  it  were  in  its  proper  position,  projects  this  image  in  tho   | 
direction  from  which  the  luminous  rays  would  come,  in  order 
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that,  ID  a  Qormal  positioii  of  the  eye,  the  image  should  be 
formed  at  O.  To  find  this  laat  direction  we  have  to  suppose 
the  eye  L  returned  to  its  normal  direction  so  that  the  viBnaJ 
line,  y  x,  would  occupy  the  position  now  occupied  by  o  o. 
Then  the  yellow  spot  Y  will  be  at  o  in  front  of  o' ;  and  o  will  b© 
displaced  at  an  equal  angle,  and  be  found  at  o'.  Now,  the 
object  of  which  o  is  the  image  must  be  on  the  line  which  is 
drawn  from  the  image  through  the  optical  centre,  i.e.  on  the 
line  o'  d ;  therefore  the  eye  when  deviating  projects  the  image 
o  in  the  direction  o'  a'  because  this  is  the  direction  which  tW 
i-ays  would  have,  if  the  eye  were  in  its  normal  position,  and  the 
retinal  Image  were  at  o. 

Now,  this  projection  of  the  object  to  o'  is  on  the  same  side 
itH  the  deviating  eye  L,  and  the  diplopia  is  therefore  called 
hoinony  mous . 

It  will  be  easily  seen  that  if  the  eye  L  had  been  divergent 
instead  of  convergent,  the  image  wonid  have  been  projected 
to  the  opposite  side.  The  anterior  part  of  the  eye  being 
thus  turned  outwards,  the  posterior  [sirt  is  turned  in  the 
Dp{)osite  direction,  and  the  image  of  o  would  then  have  fallen 
on  the  outer  side  of  ¥.  And  since,  in  the  natural  state,  it  ia 
the  object  situated  to  the  inner  side  which  forme  its  image 
on  the  outer  part  of  the  retina,  the  image  is  projected  in  the 
direction  of  the  nose,  tliat  is,  to  the  right  of  o.  Under  such 
circumstances  the  diplopia  is  said  to  be  croestd. 

Hence  in  any  case  of  strabismas  where  diplopia  is  present 
we  have  the  following  rule :  Th.4  duplacement  of  the  /alee 
imaijf  ia  alwaya  in  the  direction  tohich  ia  opposite  to  that  of 
th^  deviation  of  the  ey*..  Thus,  when  the  eye  deviates  in- 
wards (convergent  strabismaa),  the  diplopia  it  homonymous; 
when  outwards  (divergent),  there  is  crossed  diplopia;  when 
upwards  the  false  image  is  below,  when  downwards  it  is 
above. 

Twt«  for  diph»pi». — A  very  simple  and  ready  method  of 
ascen.-Lining  th^  kind  of  diplopia  ia  to  cover  the  non-deviating 
eye  nith  a  deep  tgkI  glass  by  means  of  a  spectacle  frame.  Then, 
in  a  darkened  room,  we  hold  a  lighted  candle  about  tliree 
metres  in  front  of  the  eye*.  The  patient  will  then  say  that  he 
Bees  two  tlames,  the  one  red  and  the  other  yellow      The  red 
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flame  is  the  projection  of  the  image  formed  upon  the  eye 

has  the  glass  in  ^ont  of  it,  the  yellow  flame  belongs  to  the 

uncovered  eye. 

By  DOW  interrogating  the  patient  as  to  the  relative  positions 
of  the  two  images,  we  can  ascertain  the  exact  natore  of  the 
diplopia.  Thus,  if  the  red  flame  appears  on  the  same  side 
as  the  red  glass  the  diplopia  is  homonymous  and  the  deviation 
is  inwards ;  if  the  red  flame  is  on  the  opposite  side  the  devia- 
tion is  outwards  and  the  diplopia  crossed  ;  if  above  the  deviation 
is  downwards,  if  below  the  deviation  is  upwards ;  if  downwards 
and  inwards  the  deviation  is  upwards  and  outwards  ;  and  bo  on 
for  each  of  the  oblique  meridians.  By  this  method  we  are  able 
to  detect  all  degrees  of  deviation,  but  it  sometimes  happens 
in  slight  forms  of  strabismus  that  the  patient  can  succeed  in 
uniting  the  double  images  for  some  time,  and  so  sees  only 
one  flame.  Under  such  circumstances,  we  have  only  to  place 
a  prism,  base  upwards  or  downwards,  in  front  of  one  eye.  This 
has  the  effect  of  separating  the  two  images  vertically,  so  aa 
to  render  their  fusion  impossible,  and  the  patient  being  unable 
to  correct  the  vertical  diplopia  by  muscular  effort,  we  can  mea- 
sure the  horizontal  displacement  without  difficulty. 

Not  only  the  kind  but  the  degree  of  strabismus  can  be 
ascertained  by  this  test.  ThU  is  directly  projioriionul  to  the 
diataTice  between  the  two  imagee.  It  is  evident  that  the  di^ 
tance  increases  with  the  degree  of  the  strabismus. 

Again,  if  we  direct  the  patient  to  follow  the  Ught  with  his 
eyes,  the  head  being  kept  at  rest,  whilst  we  move  the  candle  in 
the  directions  of  the  various  meridians,  we  find  that  in  paralytic 
sqoint  the  diplopia  is  increased  more  in  looking  in  one  direction 
than  in  another;  the  distance  between  the  images  becomes 
greater  as  the  eyes  are  turned  in  the  direction,  of  the  action  of, 
the  paralysed  muscle. 

Again,  if  we  find  that  daring  this  movement  of  the  eyes  ia. 
following  the  flame  the  distance  between  the  images  remains 
eonstant,  we  know  that  the  strabismus  is  not  due  to  poralysiB  of 
an  ocular  muscle. 

Finally,  by  measuring  the  actual  distance  between  th« 
images,  and  the  distance  of  t  he  candle  from  the  eye,  it  is  pos- 
sible to  calculate  the  angle  of  the  strabismus. 
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FARALVTIC  STRABISMUS.  3S6 

Three  chief  diWaions  of  titrabismus  will  now  be  described,  viz. 
Apparent  atrabiamu»,  Paralytic  strahi»mus,  and  Concomitant 
atrahiariiua. 

Apparent  or  false  strabiimot  is  the  term  applied  to  an  appa- 
rent convergence  or  divergence  of  the  eyes  which  is  occasion- 
ally  observed,  but  which  ujion  c^ireful  examination  is  fouad  to  be 
due  to  the  angle  alpha  (p.  321).  We  are  accustomed  to  judge 
of  the  direction  of  the  eyes  by  the  direction  of  the  optic  axes 
which  pass  tlirough  the  centres  of  the  comeie ;  but  if  the  angle 
nljiha  is  large,  and  the  visual  axis  is  directed  towards  an  object, 
the  opfjc  axis  will  then  be  directed  slightly  outwards,  and  so  give 
rise  to  apparent  divergence.  This  condition  is  sometimes  foufid 
in  hy]>ermetropia.  Again,  if  the  angle  alpha  is  negative  the 
»ptic  axis  woald  appear  to  deviate  inwards  when  'be  vi«vnt  axis 
is  directed  to  the  object  of  fixation.  Such  apparent  convergence 
is  sometimes  observed  in  myopia. 

Ti>  diMiiiifiiieh  between  apparent  and  real  ilevitilinn  the 
patient  is  directed  to  U>ok  steadily  at  an  object  held  about  a 
metre  from  the  face.  If  there  is  no  rejil  strabismiis  racA  visual 
line  will  be  directed  towards  the  object,  and  if  either  eye  is 
covered  the  uncovered  eye  will  still  sec  the  object  without 
shifting  its  position.  If,  on  the  contrary,  there  is  strabismus, 
only  one  visual  axis  will  bo  fised  on  the  object,  and  the  other 
will  deviate.  If  the  fixing  eye  be  now  covered,  the  deviating 
(.■yu  must  be  moved  in  order  to  see  the  object,  and  by  tjie  move- 
ment we  can  judge  of  the  extent  and  direction  of  the  previous 
deviation. 

Partlytio  strabismot  is  that  in  which  deviation  of  the  visual 
axis  is  cammed  by  the  paralysis  or  paresis  of  one  or  more  of  the 
ocular  muscles. 

Symptoms  commtrn  to  ocular  paratj/sei, —  1 .  The  mohilitj 
of  the  affcct4?d  eye  is  diminished  in  the  direction  of  tJic  action 
of  the  paralysed  muxcle,  and  the  field  of  fixation,  if  tested  by 
inentm  of  the  perimeter,  is  found  to  present  a  definite  limitation 
according  to  the  muscle  affected. 

2.  Tlu  primary  deviation — tliat  is,  the  deviation  of  the  ^^_ 
affected  eyn  when  the  healthy  eye  fixes — it  always  lc«  tbaai^^^^^H 
the  atdmdary  iUviatio)t,  that  is,  the  deviation  of  the  good  «7*^^^^^| 

Ethc  affected  eye  fixes.  ^^^^^| 
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3.  Diplopia  is  generally  present.  As  the  eyes  are  turned 
in  the  direction  of  action  of  the  affected  muscle  the  distance 
between  the  images  increases,  as  they  are  moved  in  the  direction 
of  action  of  the  opponent  of  the  affected  muscle  the  images 
approach  and  may  coalesce. 

4.  There  is  frequently  an  inclination  of  the  head  towards 
the  side  of  the  paralysed  muscle. 

The  cause  of  the  muscular  paralysis  is  usually  some  lesion 
of  one  of  the  third,  fourth,  or  sixth  nerves.  This  may  be  central^ 
that  is,  in  the  region  of  the  brain  which  corresponds  to  the  deep 
origin  of  the  nerve  affected,  or  it  may  be  peripJieral,  that  is, 
somewhere  in  the  course  of  the  nerve  either  within  the  skull  or 
the  orbit.  These  paralyses  may  be  the  result  of  some  tumour 
or  other  growth  within  the  orbit,  in  which  case  they  are 
accompanied  by  other  symptoms  of  the  local  affection.  In  the 
majority  of  cases  it  is  impossible  to  ascertain  the  exact  posi- 
tion of  the  lesion.  The  intimate  connection  of  the  nerves 
with  the  meninges  in  the  region  of  the  cavernous  sinus  and 
sphenoidal  fissure  renders  them  peculiarly  liable  to  be  a£fected 
in  meningitis,  morbid  growths,  and  syphilitic  periostitis  in  these 
regions.  Aneurism  of  the  internal  carotid  artery  in  the  caver- 
nous sinus  sometimes  causes  pressure  on  these  nerves.  Fracture 
of  the  base  of  skull  sometimes  affects  these  ocidar  ner\'e8  either 
by  pressure  from  the  bone  or  by  inflammatory  exudation.  Sym- 
metrical paralysis  of  all  the  ocular  muscles  (ophthalmopleg^ 
externa)  is  indicative  of  syphilitic  disease  of  the  nerve  centres. 
It  is  usually  permanent,  but  occasionally  it  is  evanescent. 

Paresis  of  one  or  more  of  the  ocular  muscles  is  not  a  very 
uncommon  precursor  of  locomotor  ataxy. 

The  muscles  most  frequently  affected  separately  are  the 
external  rectus  and  the  superior  oblique.  The  other  lecti  and 
the  inferior  oblique,  being  supplied  by  the  same  nerve,  are 
frequently  paralysed  together,  although  se^xirdte  affections  of 
these  are  not  unconunon. 

Paralysis  of  the  sixth  nerve. — The  external  rectns  is  the 
muscle  affected.  Here  we  find  that  the  outward  movement  of 
the  globe  is  limited.  Both  primary  and  secondary  deviations 
are  inwards.  There  is  homonymous  diplopia ;  the  double  images 
are  on  the  simie  level,  and,  as  there  is  no  torsion  of  the  globe. 
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they  are  parallel  to  one  another ;  the  distance  between  them 
inexeasea  when  the  {uitient  looks  tovards  the  side  of  the  eye 
affected. 

The  line  of  separation  between  the  portion  of  the  field  of 
fiiation  in  which  there  is  single  vision  and  that  in  which  there 
is  diplopia  is  situated  obliquely,  its  lower  end  being  on  the 
healthy  side. 

Tlip  pitieut's  face  is  often  turned  towards  the  affected  side. 

Paralyria  of  tlie  fbnrth  nerve.^The  saperior  oblique  ia  the 
muscle  affected.  The  movement  of  the  eye  is  limited  in  the 
downward  and  outward  direction,  and  in  complete  paralysis  of 
this  muscle  the  downward  movement  is  limited  also.  The 
primary  deviation  is  upwards  and  inwards,  whilst  tlie  necondary 
deviation  ia  downwards  and  inwards.  There  ia  homonymous 
diplopia  in  the  lower  part  of  the  field  of  fixation,  the  images 
b«'ing  superpoaed.  Owing  to  torsion  of  the  globe  outwards,  the 
ima^  of  the  affected  eye  is  oblique,  its  upper  eitremity  being 
inclined  inwards ;  it  is  also  the  lower  of  the  two,  and  its  obliquity 
ia  increased  on  looking  towards  the  affected  side.  The  vertical 
distance  between  the  two  images  is  increased  in  looking  down- 
wards and  towards  the  healthy  side.  The  false  image  generally 
appears  nearer  to  the  patient  than  the  true  image.  The  line 
of  separation  between  single  and  double  vision  is  horizontally 
oblique,  il.4  lower  extremity  being  on  the  affected  side.  The 
[Hitient's  face  is  often  inclined  downwanla  and  towards  the 
healthy  side. 

Pftralyds  of  the  third  neire. — The  paralysis  of  this  ncrre 
may  be  compUle^  or  only  one  or  more  of  its  branches  may  be 
involved. 

Complst*  paralyiii  of  tha  third  atrra  prcsentfi  a  very  char&c- 
t«riftic  Bppeamuce.  There  ia  alight  proptoMis,  and  the  ujipcr 
eyelid  fidU  over  the  cornea  (ptosis).  The  pupil  is  moilerately 
dilated,  and  doe*  not  respond  U>  light.  Tliere  is  pamlysis  of 
the  accommodation  of  the  affected  eye.  The  movements  of  the 
eye  an  limited  in  the  inwanl,  upward,  downward,  and  inter- 
mediate directions.  Both  the  primary  and  the  secondary 
deviations  are  outwards.  There  in  crossed  diplopia.  The  false 
image  is  oblique^  and  is  inclined  towards  the  affected  side ; 
iji  alao  appears  nearer  to  thv  [laticnt  and  higher  than  the  true 
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image.  The  lateral  distance  between  the  images  is  increased 
in  looking  towards  the  healthy  side ;  the  vertical  distance  and 
the  obliquity  increase  on  looking  upwards  and  diminish  on 
looking  downwards  and  towards  the  sound  side.  The  patient 
often  inclines  his  fetce  towards  the  sound  side  and  somewhat 
upwaixls. 

Partial  paralysis  of  the  third  nerve  may  affect  one  or  more 
of  the  muscles  supplied  by  it. 

The  intemaji  rectos  is  the  muscle  most  frequently  involved. 
Its  paralysis  is  accompanied  by  limited  movement  of  the  globe 
inwards.  Both  the  primary  and  the  secondary  deviations  are 
outwards.  The  diplopia  is  crossed,  the  double  images  being 
parallel  and  on  the  same  level.  The  distance  between  the 
images  is  increased  when  the  patient  looks  towards  the  sound 
side,  and  when  he  looks  upwards.  The  line  of  separation  between 
the  single  and  double  images  in  the  field  of  fixation  is  inclined 
obliquely,  its  higher  extremity  corresponding  to  the  sound 
side.  The  patient  turns  his  face  in  the  direction  of  the  affiected 
eye. 

Paralysis  of  the  saperior  rectus  is  characterised  by  limited 
movement  of  the  globe  in  the  direction  upwards  and  slightly 
inwards.  The  primary  deviation  is  downwards,  and  when  the 
patient  looks  upwards  this  is  downwards  and  outwards.  The 
secondary  deviation  is  upwards.  The  diplopia  is  most  marked 
in  looking  upwards,  the  images  are  superposed,  slightly  crossed  ; 
the  false  image  is  the  higher,  and  its  upper  end  is  inclined 
towards  the  healthy  side.     The  patient  turns  his  face  upwards. 

The  inferior  rectus  is  but  rarely  paralysed  alone.  When 
such  paralysis  exists  there  is  restricted  movement  of  the  globe 
in  the  downward  direction.  The  primary  deviation  is  upwards 
and  outwards.  The  secondary  deviation  is  downwards  and  out- 
wards. The  diplopia  is  most  marked  in  looking  downwards. 
The  images  are  superposed,  they  are  slightly  crossed  ;  the  false 
image  is  the  lower,  and  its  apex  is  inclined  towards  the  affected 
side.  The  vertical  separation  of  the  images  is  increased  by 
looking  downwards  and  to  the  affected  side.  The  patient 
turns  his  face  downwards  and  slightly  towards  the  affected  side. 

The  inferior  oblique,  wh^en  panilysed,  is  unable  to  tiu*n  tlie 
eye  upwards  and  outwards.     The  primary  deviation  is  therefore 
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downwards  and  inwards;  wtiilst  tlie  eecoadary  deviation  is 
upwards  and  inwards.  The  diplopin  is  most  marked  in  looking 
upwards  when  the  images  are  superposed  and  slightly  homo- 
nymous. Thefaliie  image  is  the  higher,  and  its  upper  end  is  in- 
elined  outwards;  this  obUquity  increases  on  looking  towards  the 
jiffeoted  side.  The  patient  directs  his  face  upwards  and  rather 
towards  the  side  of  the  healthy  eye. 

Tfie  treiitTtient  of  these  paralyses  must,  as  far  as  possible, 
be  regulated  by  the  cause  of  the  affection.  When. central 
disease,  of  the  brain  or  the  medulla,  c^in  be  traced  as  the  cause 
of  the  local  aSectlon,  the  chief  malady  must  be  first  dealt  with. 
When  syphilis  is  the  probable  cause  we  must  have  recourse 
to  the  iodide  of  jxitaseium  in  large  doses,  with  or  without 
the  use  of  mercury.  Where  the  local  failure  is  associated 
with  a  rheumatic  diathesis  the  use  of  alkalies  combined  with 
colchicum,  vapour-baths,  warm  clolhiug,  &c.,  is  advisable.  In 
cases  of  great  debility  after  acute  illness,  aa  diphtheria,  typhoid, 
or  other  causes,  the  general  health  must  be  improved  by  the 
administnitioQ  of  good  food,  tonics,  as  ammonia  and  bark, 
<jutnine,  iron,  and  cod  liver  oil. 

In  the  nse  of  these  therapeutic  agents  it  should  be  borne  in 
mind  that  spontaneous  recovery  from  defective  muscular  action 
iiud  even  from  paralysis  is  not  unfrequent,  also  that  these  cases 
sometimes  fiuctuate  in  their  severity  from  day  to  day. 

SUclro-therapeulics  are  sometimes  beneficial  here,  as  in 
otlier  nerve  lesions.  Jloth  the  prinuiry  (galvanic,  continuous) 
and  UiB  secondary  (induced,  faradic)  currents  are  employed^ 
Tbe  plan  1  usunlly  adopt  is  to  use  both  these  currents  alternately. 
The  application  should  be  made  daily  fora  period  not  exceeding 
five  minutes.  One  pole  of  the  buttery  is  placed  behind  or  in 
front  of  the  mantuid  process,  and  the  other  is  placed  over  the 
closed  eyelids  of  the  affected  eye,  by  means  of  moist  small 
Hpongcs.  Tbe  strength  of  the  current  sliouM  be  us  great  as 
tlie  jntient  can  tolerate  without  actual  jiain. 

In  addition  to  thcso  medical  and  electrical  remedies  some 

procautions  may  at  tbe  same  time  be  taken  to  prevent,  or  to 

alleviate  the  duoomfort  produced  fay  tbe  diplopia.     Closure  of 

the  affected  eye  by  means  of  a  shade  or  a  disc  of  ground  gUn 

^^^^ounted  in  a  spectacle  frame  is  of  the  greatest  service ;  it  of 
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course  prevents  the  double  vision,  in  fisust,  the  patient  generally 
closes  the  alBFected  eye  of  his  own  accord. 

If  the  good  eye  be  closed  the  diplopia  certainly  disappears, 
but  there  is  always  the  false  projection  of  the  image  in  the 
direction  of  the  action  of  the  paralysed  muscle,  which  produces 
vertigo,  difficulty  in  judging  of  the  position  of  surrounding  ob- 
jects, and  other  disagreeable  sensations. 

Pinsms. — In  certain  cases  which  have  become  stationary, 
and  in  which  the  images  are  not  too  widely  separated,  the  em- 
ployment of  prisms  proves  beneficial  in  reducing  the  diplopia, 
and  in  stimulating  the  muscle  to  renewed  action.  If  we  look 
through  a  prism  we  find  that  it  produces  an  effect  similar  to 
that  of  a  pathological  deviation  ;  it  causes  diplopia.  It  follows, 
therefore,  that  by  the  proper  employment  of  a  prism  we  are 
often  able  to  neutralise  the  diplopia.  In  the  use  of  a  prism  the 
rule  is  to  place  its  apex  in  the  same  direction  as  that  in  which 
the  eye  deviates  ;  thus,  if  the  eye  turns  outwards  the  apex  of 
prism  must  be  turned  out\^ards,  if  the  eye  turns  in  the  apex 
must  be  inwards  also.  In  practice  it  is  well  to  use  a  prism 
slightly  below  the  full  correction  so  as  to  give  the  affected 
muscle  an  opportunity  of  exerting  itself ;  thus,  supposing  the 
diplopia  to  be  corrected  by  a  prism  of  4®,  we  should  prescribe 
one  of  3°  in  preference  to  the  former.  Another  practical  point 
is  to  divide  the  prism  between  the  two  eyes ;  thus,  supposing 
No.  6  is  found  to  reduce  the  diplopia  when  placed  before  the 
affected  eye  with  its  apex  outwards,  we  prescribe  two  No.  3 
4)risms,  one  for  each  eye,  and  each  with  its  apex  outwards. 
As  the  impaired  muscle  regains  its  strength  the  strength  of  the 
prism  must  be  diminished. 

Operative  treatvient  is  never  justifiable  unless  there  is  evi- 
dence of  some  recuperative  power  in  the  paralysed  muscle,  and 
all  the  remedies  above  mentioned  have  been  duly  tried  without 
success.  Even  after  the  deviation  has  become  stationary  it  is 
well  to  wait  a  few  months  before  resorting  to  operative  measures, 
inasmuch  as  spontaneous  recoveries  sometimes  take  place  in  the 
most  unexpected  manner.  When,  however,  a  muscle  has  been 
partly  paralysed  for  upwards  of  six  months,  and  has  resisted  all 
other  treatment,  an  operation  may  be  of  service.  This  may 
consist  of  simple  tenotomy  of  the  antagonistic  muscle  so  as  to 
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weaken  its  action, or  it  majr  require  advancement  of  the  affected 
muscle.  The  mode  of  procedure  in  these  operations  in  esactly 
similar  Xo  that  for  Concomitant  Strabismus. 

Conoomitftnt  itrahinniii  is  the  name  given  to  a  form  of  squint 
which  is  caused  by  excessive  or  defective  convergence  of  the 
visual  axes  without  any  impairment  of  the  other  conjugate 
movements  of  the  eyes. 

It  differs  from  paralytic  squint  in  several  ways  (see  p.  385). 

1.  The  mobility  of  the  affected  eye  is  uot  diminished 
in  any  pailicolar  direction,  but  poaaesaes  a  normal  field  of 
fixation. 

2.  The  primary  deviation  is  equal  to  the  secondary. 

3.  Diplopia  is  generally  absent,  but,  when  present,  does 
not  disappear  in  any  [^>articular  [>ajt  of  the  field  of  fixation,  but 
the  two  images  preserve  a  constant  relation  to  one  another 
in  all  positions  of  the  eyes. 

4.  There  is  no  particular  inclination  of  the  patient's  head. 

Concomitant  squint  may  be  convergent  or  divergent. 

Connr^nt  ■trmbiimaa  (int«raal  stmbismus)  is  generally  as- 
sociated with  hy[jennetropia,  although  it  occasionally  occurs  in 
emmetropic  and  myopic  eyes.  It  generally  commences  in  early 
life.  A  patient  who  is  hypermetropic  has  always  to  use  an 
I'xceHsive  amount  of  accommodation  in  onler  to  see  objects 

»trly  ((re«  Refraction),  and  we  liave  seen  on  p.  381  that  the 
t  of  accommodation  is  naturally  associated  with  that  of  coit^ 
•geneet  hence  the  hypermetrope  finds  it  easier  to  nse  the 
juisite  amount  of  ac«ommodati(in  if  he  \\»eti  his  convergence 
t  the  same  time.  Tlie  consequence  of  this  is  that  the  visual 
tes  crotia  between  the  patient  and  the  object  looki^  at.  If 
I  eye  deviated  inwards  to  the  same  extent,  it  is  evident 
tat  the  image  of  an  object  placed  in  the  middle  line  would 
1  in  Pftch  ere  to  the  inner  sid<^  of  the  yellow  spot,  homonym- 
I  diplopia  would  be  the  result^  and  neither  eye  would  aee 
B  object  in  its  true  position.  Wc  \a\\v  seen,  however,  that 
B  act  of  convergence  is  inde{M-ndent  of  the  other  conjugate 
ivemcnts.  So  that  all  (he  {mticnt  has  to  do,  in  order  to  aee 
I  object  clearly,  i*  to  move  botU  pytr*  to  the  right  or  to  th« 
ft,  so  that  (the  same  amount  of  convergence  being  maia- 
ined )  thv  visual  axis  of  one  eye  is  dirveti-d  to  the  object,  while 
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the  other  deviates  inwards.  Thus,  eupposiug  that  the  stre- 
bismus  was  Buch  that  if  it  affected  the  two  eyes  equally,  each 
eye  would  deviate  inwards  five  degrees  from  its  uornuJ  posi- 
tion ;  then,  the  one  eye  being  directed  to  the  object  looked 
at,  the  visual  axis  of  the  other  would  deviate  ten  degree*' 
from  its  normal  jxiaition.  The  squinting  eye  in  this  case  re- 
ceives  the  image  to  the  inner  side  of  the  yellow   spot,  ami 


therefore  projects  it  outwardly,  but  ax  it  is  formed  on  a  peri-' 
pheral   part  of  the  retina,  it   produces  a   less  intense   visiuil  J 
impression  than  the  image  on  the  yellow  sjiot  of  the  other  eye, 
hence  the  patient  easily  learns  todiKregurdit,or,  usitix  tenn«<l,~| 
fo  '  suppress '  it. 

In  the  early  stages  the  fmtient  will  often  fix  with  either  J 
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«ye  indifierently,  and  the  squint  is  thua  said  to  bi-  aiternating. 
.  After  a  time,  however,  he  acquires  the  habit  uf  nlwnys  fixing 
with  the  same  eye,  and  the  squint  becomes  fixed  m  the  other. 
Even  when  the  squint,  however,  has  been  fixed  for  many  years, 
if  the  fixing  eye  be  covered,  the  other  can  be  made  l»  fix  the 
object,  and  the  eye  which  is  usually  the  fixing  eye  will  squint ; 
but,  directly  the  eye  is  uncovered,  it  returns  to  its  former 
jrasition. 

As  long  as  the  sqtunt  is  alternating,  each  eye  is  used  to  the 


Y\a.  HI.— BlmbiwiiometM, 


aanie  «xt«nt,  but  directly  ft  ban  become  fixed,  the  »quinting 
eye  ceasea  to  bo  used,  and  its  acuity  of  vision  mpidly  decIineB ; 
thin  is  unaccompanied  by  any  ophthHltnoocDpic  change,  but 
when  it  has  existed  for  any  length  of  time,  it  can  only  be 
improved  by  constant  use  of  tiie  i-yv,  and  oven  with  this  the 
visual  acutene-SB  can  seldom  be  entirely  reatored;  hence  the 
importance  of  treating  a  squint  directly  it  becomes  fixed. 
^^^H     To  deUct  wKich  U  th^  tquintin'j  rye  is  UNimlly  quite  easy. 
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We  direct  the  patient  to  fix  a  small  object,  such  as  the  tip  of 
the  index  finger,  held  about  half  a  metre  in  firont  of  the  eyes. 
One  eye  is  then  observed  to  be  directed  towards  the  object, 
and  the  other  to  be  more  or  less  deviating  :  this  is  called  pri- 
mary deviation.  If  the  eye  which  the  patient  thus  prefers  to 
use  be  then  covered  by  a  disc  of  ground  glass,  the  deviating  eye 
will  be  observed  to  move  before  it  can  fix  the  object^  and  the 
covered  eye  will  now  be  seen,  through  the  ground  glass,  to  have 
deviated  in  a  similar  way  to  the  first  eye ;  this  is  called 
secondary  deviation. 

To  find  the  ainount  of  deviation, — 1.  This  may  be  approxi- 
mately effected  by  measuring  the  distance  between  two  vertical 
lines,  one  passing  through  the  middle  line  of  the  palpebral 
ai)erture,  and  the  other  through  the  centre  of  the  pupil. 
Various  instruments  (fig.  121)  are  made,  by  which  the  distance 
between  these  two  vertical  lines  can  be  measured  in  lines  or 
millimetres. 

2.  Tlie  angular  measureraent  of  strabismus  is  more  accu- 
rate than  the  above. 

Tke  angle  of  the  strahisTnus  is  the  an^gle  which  the  visual 
(vxis  of  the  deviating  eye  makes  loith  the  direction  which  it 
shoidd  have  in  a  normal  condition  (I-iandolt).  The  measure- 
ment of  this  may  be  effected  by  using  the  arc  of  the  perimeter. 
The  graduated  arc  A  o  A  (fig.  120)  is  placed  horizontally.  The 
deviating  eye  L  is  jjlaced  at  the  centre  of  the  arc,  and  the 
patient  is  told  to  fix  a  distant  object  situated  at  o  on  the 
central  radius.  This  he  does  with  the  normal  eye  R.  Now 
the  point  o  is  that  to  which  the  deviating  eye  L  would  be 
directed  in  a  normal  condition.  For  all  practical  purposes  it 
is  sufficient  to  find  the  point  .t,  on  the  optic  axisj  and  to 
consider  the  angle  o  L  :»;  as  the  angle  of  the  strabismus. 

To  find  this  we  i)ass  the  flame  of  a  candle  along  the  arc  of 
the  perimeter,  keeping  our  own  eye  close  to  the  candle,  until 
the  image  of  the  latt<T  is  seen  reflected  from  the  centre  of  the 
cornea.  The  point  x  on  the  arc,  at  which  this  image  is  seen, 
is  then  read  off,  and  we  know  the  angle  o  L  x. 

Divergent  Strabismus  usually  occurs  in  association  with 
myopia,  although  it  is  found  in  emmet rojiic  and  occasionally  in 
hypermetropic  eyes. 
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The  connection  between  myopia  and  divergence  is  analogous 
to  tliat  between  bjpermetropia  and  convergence ;  iu  myopia 
the  accommodation  is  used  little,  and  in  high  degrees  not  at 
all,  hence  the  patient  finds  it  very  ditEcnlt  to  use  the  great 
amount  of  convergence  which  would  be  required  to  obtain  bin- 
ociilar  vieion  at  the  cloee  range  at  which  he  has  to  hold  all 
objects.  The  diflSculty  of  convergence  is  also  increased  by  the 
elongated  form  of  the  globe  by  which  it  is  much  less  adapted 

"  than  the  more  globular  emmetropic  eye  for  rotating  in  Tenon's 

I  capsnle. 

At  first  the  divergence  is  only  relative,  that  is  to  say,  there 

I  is  no  actual  divergence  of  the  visual  axes,  but  they  are  diver- 

gent relative  to  the  point  looked  at,  in  other  words,  there  is 
inability  to  converge.  I.ater  on  the  divergence  becomes  actual. 
When  an  eye  has  ceased  to  be  of  use  for  visual  purixises, 
whether  from  amblyopia,  opacity  of  the  cornea,  or  other  causes, 
it  treqnently  undergoes  deviation,  which  as  a  rule  takes  place 

^^^put  wards. 

^^^^b     The  treatmmt  of  cmic(yinita>it   squhit. — 1.    In  all  cases, 

^^^Bbether  convergent  or  divergent,  the  refraction  of  each  eye 

^^^^BOuld  be  carefully  examined,  and  correcting  glasses  prescribed 

^^^HBm  Reaction.) 

^^^H    Children  under  five  years  of  age  are  usually  too  young  to 

^^^^fw  glasses.    In  such  cases  all  exercises  requiring  accommoda- 
tion in  the  use  of  the  eyes,  such  as  reading  fine  print,  should 
be  discouraged.     The  child  can  bo  taught  by  means  of  large 
■s,  block  letters,  &c.,  until  it  is  nf  sufficient  age  to  wear 
itacles. 

2.  The  refraction  being  thus  corrected,  it  is  often  found 
intermittent  stmbismu-i  is  removed  without  operation,  and 

cases  where  the  squint  has  become  established  and 
^ntly  permanent  for  i>omo  week»,  it  is  ocaLsinnally  found 
the  constaot   use  of  appropriate  spectacles  will  cure  the 
ition  in  the  eoursc  of  a  few  weeks. 

3.  When  the  utmbixmo*  is  permanent  an  operation  must 
performed  in  addition  to  the  optical  correction.  The  opera- 
lions  for  squint  are  two,  viz. :  tenotomy  of  the  retracting  muscle 
and  advancement  of  its  antagonist. 
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formed  for  convergent  Btrabismua.  It  consists  in  dividing  the 
tendon  close  to  its  insertion  into  the  sclerotic,  and  is  done 
Bubconjunctivally.  When  the  deviation  is  slight  (about  15°) 
the  simple  division  of  the  rectus  belonging  to  the  deviating  eye 
is  usually  sufficient.  When  the 
deviation  exceeds  this  the  in- 
ternal recti  of  both  eyes  should 
be  divided.  When  the  deviation 
is  ext-esfiive  and  tlie  eye  ao  in- 
verted that  the  sclerotic  is 
covered  by  the  inner  cauthns,  it 
is  advisable  not  only  to  divide 
both  the  internal  recti,  but  also 
to  libenit*  the  conjttncti^'a  from 
the  subconjunctival  tisi^ue  and 
the  capsule  of  Tenon  by  free  in- 
cision with  the  Ecissors  before  the 
tendon  is  divided. 

Operatian.  —  G.  Critchett's 
method. — The  instruments  re- 
quired are:  (1)  Speculum  (fig. 
31) ;  (2)  Fixation  forceps  (fig. 
32);  (3)  Squint  hook  {&g.  33); 
(4)  Blunt-pointed  scissors  (fig. 
122). 

The  patient  is  recumbent  fact- 
upwards.  The  surgeon  stands 
facing  the  jMitient  and  on  hi^j 
right  side,  and  his  assistant  on 
the  iipptisite  side.  The  eyelids 
widely  separated  by  the  specu- 
lum, the  surgeon  pinches  up  it 
fold  of  the  <onjunctiva  and  euh- 
conjunctival  tissue  at  a  point 
midway  between  the  caruncle  and 
the  cornea  ;  this  is  done  with  the 
fixation  forceps  held  in  the  left  hand.  With  tlic  scisKors  in  the 
right  hand  he  then  snips  through  thcne  structures  and  the  caj>- 
sule  of  Tenon,  and  cxi^kiscs  the  sclerotic,  wttich  is  known  by  itti 


Fio,  122. — Squiat  ScisMirn. 
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wmooth,  white,  shining  appearance.  The  scissore  are  now  put 
ilowu  iind  the  oqiimt  hoolc  is  inserted  into  the  wninid,  which 
i*  still  held  open  hy  the  forceps ;  the  hook  is  fii-at  directed 
rather  away  from  the  cornea  towards  the  caruncle,  ita  ]>oint,  is 
thpu  made  to  sweep  upwards  over  the  convexity  of  the  globe 
and  beneath  the  rectus  tendon,  at  the  upper  border  of  which  it 
will  be  seen  projecting  beneath  the  conjunctiva.  On  now 
drawing  the  hook  towards  the  cornea  the  tendon  will  occupy 
its  concavity,  and  the  globe  will  be  rotjifed  outwards. 

It  is  necessiiry  to  he  cart-ful  to  o]ten  the  fibroue  capsule  of 
Tenon,  otherwise  the  hook  will  not  pass  beneath  the  tendon, 
bat  between  it  and  the  conjunctiva;  if  tlus  has  occurred  it 
will  iia,f>s  right  up  to  the  corneal  margin  instead  of  bein^ 
;irrerted  hy  the  nuiscle.  The  forceps  are  now  relinquished, 
!ind  the  hix)k  passed  to  the  left  hand,  by  which  it  is  held 
jnrallel  to  the  nose,  while  some  traction  is  made  in  forward 
and  outward  direction  bo  as  to  tighten  the  tendon,  and  render 
it  accessible  to  the  scissors.  The  latter  ai-e  now  to  be  jiassed 
into  the  wound  between  the  }iook  and  the  eye;  in  doing  this 
llie  blades  xhould  be  ulightly  open  so  tliat  one  passes  in  front 
and  the  other  behind  the  tendon,  which  must  be  divided  doae 
the  sclerotic  by  two  or  three  snips.  When  this  has  oc- 
■uned  the  hook  can  be  drawn  forwards  right  up  to  the  margin 
'  the  cornea.  It  should,  however,  be  introduced  a  aecond  time, 
Ucertnin  if  any  strands  of  tendon  have  escaped  division. 
Where  a  considemble  effect  is  desired  the  scissors  should  he 
between  the  conjunctiva  and  the  globe  in  front  of  the 
rcctun  before  the  t«ndon  is  divided,  and  during  the  division  of 
the  latter  the  inoiaion  of  the  siirrounding  capsule  of  Tenon  nhould 
be  more  extensive  than  in  a  simple  (euotumy.  Should  this  be 
Hlill  insuHicient  to  correct  the  deviation,  the  «yc  may  be  held 
outwards  for  a  day  or  two  by  means  of  a  stout  silk  suture.  This 
is  passed  through  the  conjunctiva  near  the  outer  margin  of  the 
cornea,  emhmcing  aboni  6  mm. ;  by  this  the  eye  is  rotated  out- 
wards, and  the  two  ends  of  the  thread  are  fastened  to  the  skin 
tile  temple  by  means  of  strapping. 

Jn  vriUr  to  lucertitin  t/ir  retuU  of  the  operation  it  is  neces- 
t'l  wait  till  the  [tatieut  Itas  regained  cotincionsnen ;  by 
directing  him  to  fix  iiri  object  held  at  about  half  a  metre 
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in  front  of  the  eyes  we  can  ascertain  whether  the  desired  effect 
has  been  obtained ;  if  there  is  still  convergence  the  subconjunc- 
tival tissue  of  one  or  both  eyes  must  be  more  freely  divided.  If 
too  much  effect  has  been  produced  the  divergence  thus  caused 
may  be  rectified  by  dividing  the  tendon  of  the  external  rectus  of 
the  deviating  eye,  or  by  the  advancement  of  the  internal  rectus 
which  has  just  been  divided.  Either  of  these  correcting  opera- 
tions may  be  performed  at  once  or  after  waiting  for  a  few  weeks. 

Tenotomy  of  the  external  rectus  is  performed  for  the  cure  of 
divergence.  The  operation  is  performed  in  a  similar  way  to 
that  just  described  for  the  internal  tendon,  except  that  the 
incision,  which  is  now  made  on  the  outer  side  of  the  globe 
opposite  the  lower  edge  of  the  muscle,  should  be  further  re- 
moved from  the  cornea.  It  must  be  remembered  that  the 
insertion  of  the  tendon  is  rather  farther  back  on  the  globe 
(7  mm.),  that  it  is  in  closer  apposition  with  the  latter,  and  con- 
sequently more  difficult  to  hook  than  the  internal  rectus. 

The  main  difficulties  in  the  division  of  either  of  these 
tendons  are  in  opening  aud  introducing  the  hook  into  Tenon's 
capsule,  and  in  cutting  through  the  tendon  without  pushing  it 
off  the  end  of  the  hook  with  the  scissors. 

Muscular  advancement  or  adjustment  signifies  the  detach- 
ment of  a  tendon  from  its  insertion  in  the  sclerotic,  and  bring- 
ing it  forward  in  such  a  manner  that  it  may  become  adherent 
at  a  point  in  front  of  its  original  position.  By  this  means  its 
power  in  the  rotation  of  the  globe  is  increased.  The  operation 
is  most  useful  in  cases  of  extreme  divergence,  more  especially 
those  in  which  the  operation  for  convergent  strabismus  has  been 
followed  by  deviation  in  the  opposite  direction.  The  internal 
rectus  is  the  muscle  most  commonly  advanced,  although  the 
external  is  sometimes  operated  upon  in  this  way. 

When  there  is  extreme  divergence  it  is  usual  first  to  divide 
the  external  rectus  of  the  deviating  eye,  and  then  to  proceed 
to  the  advancement  of  the  internal.  Some  surgeons,  however, 
prefer  to  postpone  the  tenotomy  of  the  externus  for  a  few 
weeks,  with  the  hope  of  its  not  being  required  at  all.  Various 
methods  of  performing  the  operation  are  practised. 

The  Operation  which  I  have  io\\m\  most  successful  in  these 
cases  is  the  same  as  that  performed  by  my  colleague,  Mr.  Ander- 
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IS  aoiPitbetised,  and  the  same  instru- 
ments are  used  as  for  ordinary  tenotomy,  with  the  additioa  of 
three  sutures  of  tine  black  silk,  armed  at  each  end  with  a  small 
curved  needle.  The  external  rectus  of  the  diverging  eye  is  first 
divided  in  the  usual  manuer.  A  vertical  ineiston  of  about  1*5 
to  2  centimetreii  is  then  made  in  the  ot-ular  conjunctiva  by 
means  of  the  scissors ;  the  middle  of  thiJ  iocifiion  should  be 
about  2  mm.  from  the  inner  edge  of  the  cornea.  The  outer 
flap  of  the  conjunctiva  and  the  subconjunctival  tissues  are 
then  carefully  dissected  away  from  the  globe,  as  far  as  the 
insertion  of  the  teudon  of  the  internal  rectus.  This  is  then 
ilivided  close  tu  the  sclerotic,  either  with  the  scissors  alone  or 
after  having  pasMed  the  squint  hook  beneath  the  tendon.  The 
muKcle  is  not  disset^ted  nway  from  the  capsule  of  Tenon  and  the 
conjunctiva,  but  these  are  all  held  away  ^om  the  globe  eit 
moMe,  either  with  the  ordinary  Bxution  forceps  or  with  De 
Wecker'a  double  strabismus  book  (6g.  123). 


Fiu.  133,— Do  Wcckcr's  DoabU  StmbiKiniis  Hook. 


The  three  sitturcs  arc  now  to  be  introduced.  One  ueedleof 
each  suture  is  first  luissed  from  within  outwards  through  the 
flnp  of  conjunctiva  att.-iched  to  the  globe,  one  ia  introduced  just 
above  the  cornea,  one  below  it,  nnd  the  third  just  opposite  it« 
horizontal  meridiim  (fig.  124);  this  being  done,  the  snturesare 
made  fast  by  a  *ini[le  knot,  and  the  needli^s  arp  detached  from 
tfaeMendsof  theituturcs;  nrxt  the  necdhrs  at  ihe  op|>ositt>  endj) 
of  the  lutures  are  passed  from  within  outwards  through  thir 
outer  flap.  The  middle  suture  is  pa?«jii  first  through  the 
middle  of  the  tendon  near  iU  extremity,  and  then  through  tlie 
conjunctiva  at  a-dirtniice  nf  several  mm.  from  it* cut  edge;  the 
upper  and  lower  mtures  are  similarly  introduced  at  the  upper 
and  lower  pnrt»  of  tht;  Imdon  respectively,  as  »hown  in  the 
figure.  The  three  sutures,  now  in  their  rwipeclive  places,  are 
made  U-ase  by  an  nasintant,  whihit  the  sm^enn  takes  away  a 
•einilunar  old  of  conjunctiva  and  subconjunctival  tissue  from 
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the  flap  they  have  perforated  (see  fig.  124,  dotted  line);  this 
may  be  done  with  the  iitraight  or  curved  sciesors  and  the  fixation 
forceps ;  the  amount  of  conjunctiva  thus  removed  must  be  pro- 
portionate to  the  effect  desired.     This  done,  the  edges  of  the 
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conjunctiva  have  to  be  brought  into  apposition  and  the  tendon 
advanced  by  tying  the  three  sutures.  The  middle  suture 
should  be  the  first  to  be  tied,  as  it  is  supposed  to  be  nearest  to 
the  middle  of  tlie  tendon.  When  tied  the  sutures  are  cut  short 
and  are  allowed  to  remain  for  a  week. 

The  after-treatment. — Simple  tenotomy  is  never  attended  by 
serioua  reaction.  A  cold-water  compress  and  bandage  can  be 
worn  for  twelve  hours  and  then  discarded.  The  subconjunctivat 
extra\-awition  of  blood  usually  disappears  in  the  course  of  two 
weeks,  but  if  severe,  as  i-omettmes  liappens  when  vomiting 
takes  place  immediately  after  the  ojieration,  its  absorption  may 
require  a  longer  j)friod  than  this. 

Where  ametropia  exists  tlie  correcting  glasses  should  in  all 
cases  be  worn  from  the  time  of  the  operation. 

Muscular  ad\-nncement  is  followed  by  jKiin  and  swelling, 
which  may  be  considerable,  and  us u-illy  extends  over  a  few  days. 
A  cold  compress  should  be  worn,  and  the  patient  kept  in  bed 
during  the  reaction. 

The  itae  of  Prlnuin  is  recommended  by  some  surgeons  (Du 
Bois  Keymoud,  Javal)  as  a  means  of  cure  for  concomitant 
squint.  The  strength  of  the  prism  should  be  one  or  two  degrees 
less  than  the  imgle  of  the  strabismus,  bo  that  the  patient  can 
practise  fusion  of  the  double  image  by  the  use  of  the  two  eyes 
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together.     Tliis  method  can  only  be  of  service   in  those  very 
rare  cases  in  which  there  is  still  binocular  vii^ion. 

Hyttagmui  is  an  oscillating  movement  of  the  globeti,  pro- 
duced  by  the  involuntary  and  jerky  contractions  of  the  ocular 
muscles.  It  is  commonly  associated  with  some  serious  defect 
of  vision  which  has  esisted  from  very  early  life,  such  as  opacities 
of  the  cornea  after  purulent  ophthalmia,  pyramidal  cataract, 
albinism,  choroido-retinitis,  and  otlier  affections.  It  is  some- 
times observed  in  the  course  of  diseases  of  the  brain  and 
medulla.  It  is  often  deve]oj>ed  in  adult  life  amongst  persons 
who  work  in  coal  pits  (miner's  nystagmus). 

The  oscillatory  movement  may  take  place  in  any  direction  ; 
it  may  be  horisontal,  vertical,  oblique,  or  rotatory.  The  hori- 
zontal movement  is  that  most  frequently  met  with.  The 
movements  vary  greatly  in  rapidity  and  extent  in  different 
cases,  and  even  in  the  same  case.  In  the  miner,  for  instance, 
it  often  only  takes  place  when  he  is  in  the  stooping  posture. 

Treatment  fails  to  cure  the  alfection.  The  vision  should 
when  possible  be  improved  by  glasses. 

Fajralytu  of  the  internal  mntclei  of  the  globe. — We  have 
already  seen  (p.  380)  tliat  the  third  nerve  su])plieB  the  ciliary 
muscle  and  ihe  circular  fibres  of  the  iris,  whilst  the  sympathetic 
supplies  the  radiating  fibres. 

Fu-alyiii  of  the  ciliary  miuele  (cyclo-plegia)  is  found  in 
all  degrees  of  severity.  It  is  usually  associated  with  a  similar 
affection  of  the  sphincter  pupillip,  although  it  is  occasion- 
ally found  alone,  as  after  certiiiii  cases  of  diphtheria.  It  ja 
usually  seen  in  paralysis  of  the  third  nerve.  There  is  \rms  of 
the  power  of  accommodation  (p.  324),  the  pupil  is  genenilly 
dilat«d.  Functional  troubles,  simitar  to  those  of  presbyopia, 
are  experienced,  and  if  the  eye  liappens  to  be  hyperm'^lropic 
tbvre  is  de6ciency  in  both  near  nnd  distant  vision,  tin  the 
other  hand,  in  myopin  the  t.roubU'*  in  near  vision  are  much  " 
lc»n. 

Paralysis  of  Uic  accommodation  from  scnilr  changes  (pres- 
byopia), and  from  the  UKe  of  thera|>eutic  agentii  such  an  atro- 
pine, homatropinc,  duboisine,  hyoscyaminc,  &c.,  will  be  found 
in  the  chapter  on  Reaction. 

The  iris  may  be  affected  without  the  ciliary  muscle ;  thuti 
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we  may  find  paralytic  myosis,  and  paralytic  mydriasis.  Occa- 
sionally also  both  the  ciliary  muscle  and  both  sets  of  iris 
fibres  are  affected;  this  condition  is  called  ophthalmoplegia 
interna  (Hutchinson). 

Myosis,  or  contraction  of  the  pupil,  may  exist  alone  or  in 
•conjunction  with  contraction  of  the  ciliary  muscle. 

1.  It  may  be  only  a  sign  of  ordinary  spasm  of  the  accom- 
modation, such  as  is  frequently  found  in  hypermetropia. 

2.  It  may  be  due  to  paralysis  of  the  radiating  fibres  of  th(* 
dris,  and  symptomatic  of  pressure  upon  the  cervical  sympa- 
thetic. 

3.  It  may  be  symptomatic  of  cerebral  or  spinal  disease*. 
When  myosis  exists,  and  the  pupil  does  not  respond  to  light, 
but  does  change  its  diameter  with  accommodation,  we  have  the 
condition  known  as  the  Argyll  Robertson  pupil.  It  is  in- 
dicative of  locomotor  ataxy  in  a  moderately  advanced  stage. 
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CHAPTER  XVI. 

THE  DISEASES   OF  THE  ORBIT. 

CELLULITIS— ABSCESS— PERIOSTITIS— CABIES — (EDEMA  —  EMPHYSEMA  —  DIS- 
TENSION OF  FRONTAL  SINUS — EXOPHTHALMIC  OOITRE  —  TUMOURS  — 
LIPOMA  —  FIBROMA  —  EXOSTOSES  —  SARCOMA  —  SCIRRHUS  AND  SOFT 
CANCER — PULSATING  EXOPHTHALMOS  —  ERECTILE  OR  CAVERNOUS 
TUMOURS— INJURIES  AND  FOREIGN   BODIES. 

Cellulitis,  or  inflammation  of  the  loose  tissues  of  the  orbit, 
may  arise  spontaneously,  or  may  come  on  in  the  course  of  an 
attack  of  erysipelas. 

In  the  milder  cases  the  inflammation  is  localised ;  there  are 
redness  and  oedema  of  the  upper  lid,  and  the  conjunctiva  is 
generally  raised  up  by  fluid  either  over  its  whole  extent,  or 
over  a  limited  area.  If  the  inflammation  extends  deeply  into 
the  orbit,  the  globe  will  be  rendered  prominent,  and,  in  most 
cases,  the  movements  of  the  globe  are  painful. 

In  the  severer  forms  the  symptoms  are  all  more  marked. 
The  inflammation  may  be  ushered  in  with  a  rigour  and  a  rise 
of  temperature ;  there  may  be  pain,  swelling,  and  a  dusky 
appearance  of  the  upper  lid ;  the  globe  is  pushed  forwards  ; 
the  conjunctiva  is  congested,  and  there  may  be  considerable 
chemosis.  The  movements  of  the  eye  are  limited,  and  there  is 
consequent  diplopia.  Visual  acuteness  may  be  much  interfered 
with,  and  the  globe  may  be  involved  in  the  inflammatory 
process.  On  digital  examination  between  the  upper  part  of  the 
globe  and  the  orbital  ridge,  the  tissues  beneath  are  found  to 
be  tense,  firm,  and  painful  on  pressure ;  in  some  cases  semi- 
fluctuation  can  be  felt.  There  is  intense  deep-seated  throb- 
bing |)ain. 

The  causes  of  this  affection  are  various,  and  frequently 
obscure.     It  oflen  follows  erysipelas  of  the  &ce ;  other  causes 
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are  injurj,  septicosmia,  infliiDmiatioii  of  the  Itichrjmal  glaoJ, 
periostitis. 

Prognosis  and  treatment.— The  milder  forms  are  not 
dangerous ;  they  usually  subside  by  the  uee  of  hot  fomentations 
every  few  hours,  combined  with  dry  varratb  by  means  of  cotton 
wool  in  the  intervals,  and  general  tonic  treatment.  The 
severer  forms  nearly  always  lead  to  suppuration ;  as  soon  as 
this  is  suspected  to  have  taken  place,  exploratory  incisions 
ehoiild  be  promptly  made  ;  for  this  purpose  a  sharp  scalpel 
lihould  be  passed  either  through  the  upjjer  lid  near  the  edge 
of  the  orbit,  or  through  the  conjunctiva  above  and  on  each  side 
of  the  globe,  and  then  plunged  deeply  into  the  orbit,  it«  point 
being  directed  away  from  the  globe,  Hot  fomentations  and 
jKiultices  should  also  be  employed. 

Acute  abBCeu  of  the  orbit  is  a  most  serious  affection,  not 
only  het^use  it  imperils  the  eye,  but  because  a  fetal  termina- 
tion is  by  no  means  rare.  It  generally  commences  with  the 
symptoms  of  acute  cellulitis,  in  a  few  days  these  become  more 
pronounced,  the  pain  becomes  very  severe,  the  globe  more 
prominent,  and  fluctuation  may  be  detected.  The  absence  tif 
this  latter  symptom,  however,  must  not  cause  any  delay  in 
making  an  incision  if  the  other  symptoms  are  sufficiently 
urgent ;  for  if  suppuration  is  present,  and  the  pus  find  no  eiit, 
it  burrows  among  the  ocular  muscles,  and  may  lead  to  tlieir 

manent  destruction.     The  tissue  of  the  optic  nerve  may 

i>  become  involved,  or  the  inflammation  may  spread  through 

t  orbital  plate  of  the  frontal  bone  to  the  meninges  of  the 

r  by  the  orbital  veins  to  the  cavernous  sinus. 

Chronio  abiceu   presents   less   marked   symptoms,  and   in 
sometimes  difficult  to  diagnose   from  a  soft  orbital  tutnocrJ 
which,  owing  to  its  elasticity,  may  appear  to  be  semifluctuanU 
Pain  may  be  slight,  or  altogether  absent.     Tliere  is  usqbI] 
some  tenderness  on  pressure.     The  subconjunctival  tissue 
congested  and  swollen,  there  may  be  considerable  proptosie  ant 
lateral  displacement.     A  history  of  some  injury  at  a  divtei 
period  will  sometimes  help  in  the  diagnosis,  and  an  esplorat 
incision  into  the  semifluctuant   region  will  often  give  exit 
purulent  mutter. 

Acute   perioititlB  presents   the   same   symptoms   ai   acul 
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aliscesB  of  the  orbit;  indeed,  pus  very  rapidly  forms  beneath 
the  periosteum,  dissecting  it  from  the  bone,  causing  the  death 
of  the  latter,  and  not  unfrequently  lending  to  the  formation  of 
an  abaceea  in  the  anterior  lobe  of  the  brain,  or  to  meningitis. 

Treatment  consists  in  making  an  early  and  free  incision 
down  to  the  bone.  The  in6amraation  is  of  a  low  erysipelatous 
type,  and  antiphlogistic  measures  are  not  well  borne.  A  careful 
watch  ranst  be  kept  for  the  onset  of  cerebral  symptoms. 

Chronio  periortitiB  is  usually  tho  result  of  syphih's,  rheu- 
matism, or  scrofula.  The  |tain  is  of  a  dull  aching  character, 
and  is  worse  at  night.  When  it  affects  the  margin  of  the 
orbit  there  are  nedema  of  the  eyelid  and  tenderness  on  pressure. 
^\^len  deeply  seated  there  is  frequently  paralyaiB  of  one  or 
more  of  the  ocular  muscles,  and  sometimes  prorainenee  of  the 
eyeball. 

The  treatment  consists  in  giving  full  doses  of  iodide  of 
{Mitassium,  and  counter-irritation  is  sometimes  useful.  In 
I'crofulous  cases  it  is  nearly  always  the  margin  of  the  orbit  that 
is  affected;  the  treatment  must  then  of  course  be  directed  to 
the  general  disease. 

(Edema  of  the  orbital  cellular  tissue  with  exophthalmos 
occasionally  occurs,  and  usually  indicates  deep-seated  trouble 
in  the  circulation  of  the  ophthalmic  vein.  This  (."ondition  may 
be  brought  about  by  any  pressure  upon  the  vein  in  its  passage 
through  the  sphenoidal  fissure,  such  as  often  takes  place  in 
the  case  of  periostitis,  tumours  of  the  optic  nerve,  and  such 
like,  and  is  then  only  a  sign  of  embarrassed  circulation ;  but 
when,  in  addition  to  these  signs,  wc  find  the  pupil  widely  dilated, 
the  globe  quite  immovable,  and  that  cerebral  svmi)tomH  are 
becoming  manifest,  the  case  is  much  more  serious,  and  is 
indicative  of  Ihromboaia  of  the  cavernous  sihus, 

EmpliT*em«,  or  the  infiltration  of  air  into  the  cellular  tissues 
of  the  orbit,  may  be  caused  by  rupture  of  the  ethmoidal  collii, 
or  of  the  IlM•hrJ^nnI  sac.  It  may  give  rise  to  oonsidembltt 
proptosis,  with  swelling  of  the  conjimctiva  and  eyelids.  The 
swelling  is  increased  when  the  patient  makes  a  fort-ible  expira- 
tion with  the  anterior  nares  closed,  as  in  blowing  the  nose.  It 
is  characterised  by  a  cmckling  sensation  on  digital  examination, 
uud  can  be  reduced  by  firm  pressures  exercised  over  several  day*. 
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Sistensioa  of  the  frontal  •inns — the  result  of  pent-up  secre-" 
tioii  or  pus — sometimes  presents  characters  similar  to  those 
of  orbital  tumour.     It  is  Qsually  the  result  of  an  injury,  such 
as  a  blow  upon  the  forehead,  although  a  long  period  usually  J 
elajjses  before  the  appearance  of  the  swelling ;  not  unfrequeutlyj 
it  comes  on  in  children  after  measles  or  wliooping  cough.    Thi 
swelling  first  appears  at  the  upper  part  of  the  inner  angle  of 
the  orbit.     At  first  it  is  hard,  but  after  a  time  it  may  become 
soft  and  fluctuating.     The   skin  is  freely  movable  over  the 
tumour.     It  ia  usually  slow  in  progress,  but  is  liable  at  anyj 
time  to  take  on  acute  suppuration.     Before  the  bony  wall  lia 
become  absorbed,  it  may  easily  be  mistaken  for  an  exostosia^^ 
but  it  rises  more  gradually  from  the  level  of  the  adjacent  bone, 
and,  by  firm  pressure,  some  elastic  yielding  can  usually  be 
detected.     In  severe  canes,  the  swelling  is  so  extensive  as  to 
push  the  eye-ball  downwards  and  outwards. 

Treatment  consists  in .  making  an  opening  into  the  noi 
to  replace  the  normal  exit  afforded  by  the  infundibulmu. 
this  purpose,  a  free  incision  is  made  into  the  prominent  part 
of  the  tumour,  through  which  a  trocar  is  made  to  pass  into  the 
noce,     A  fine  drainage  tube  is  then  passed  through  the  hole 
and  out  at  the  nostril,  and  there  retained  for  some  time.     The  J 
cavity   may   also    be    syringed   out    occasionally   with   tepid^l 
carbolised  water.     Treated  in  this  way,  the  swelling  generally^ 
recedes,  and  the  parts  are  sometimes  restored  to  their  noni 
dimensions. 

Ezophthalmio  Goitre  (Graves's  disease ;  Basedow's  disease^ 
is  the  term  applied  to  a  group  of  symptoms  of  which  the  chief 
are:  (1)  Paroxysmal  cardial  palpitation,  with  throbbing  of  the 
vessels  of  the  neck;  (2)  enlargement  of  the  thyroid  body; 
and  (3)  prominence  of  the  eyes.     It  may,  however,  exist  in 
the  absence  of  proptosis  on  the  one  hand,  or  an  enlarged  thyroid 
on  the  other.     It  is  usually  ushered  in  by  fits  of  caprice  or 
irritability  of  temper;  then  oome  attacks  of  palpitation  which.  J 
are  often  very  violent,  and  are  aocompanied  by  a  sense  offl 
suffocation,  throbbing   of  the   cervical   vessels,  and   flushing  1 
of  the  face.     By-and-by  the  throbbing  of  the  neck  becomes 
more  or  less  permanent.,  and  the  thyroid  gland  is  enhirge<l. 
This  is  from  extreme  vaecalarisation  ;  the  arteries  cairyise 
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hlood  to  the  gland  become  larger,  and  the  gland  appears  to  be 
lifted  en  masse  at  each  pulsation.  The  arteries  within  the 
gland  become  increased  in  size  and  number,  and  the  veins 
convey  arterial  blood,  so  that  the  structure  resembles  a  cirsoid 
aneurysm;  indeed,  the  elasticity  and  pulsation,  together  with 
the  existence  of  blowing  murmurs,  have  caused  experienced 
obseiTcrs  to  mistake  this  condition  for  aneur^-sm. 

The  enlargement  usually  begins,  and  is  generally  larger  on 
the  right  side.  Hypertrophy  of  the  connective  tissue  may  or 
njiiy  not  follow.  Cystic  bronchocele  is  a  more  rare  accompani- 
ment, and  is  probably  a  mere  coincidence. 

The  eyes  begin  to  look  prominent  at  the  same  time,  or  a 
little  earlier  than  the  thjToid  enlargement ;  they  have  a  shining 
appearance  which,  with  the  prominence,  gives  a  peculiar  fright- 
t-ueO  expression  to  the  face.  Tbe  proptosis  is  usually  pro- 
gressive, though  stationary  jieriods  occur,  it  is  generally  equal 
iin  both  sides,  and  there  is  no  strabismus.  The  retina  is  not 
nppre<u&bly  altered.  Vision  is  usually  nonnal.  Von  Graefe 
hiid  some  stress  u]K>n  the  fact  that  the  association  of  movement 
Wtween  the  upi>er  lid  and  the  globe  is  lo^t  in  Graves's  disease  ; 
this  is  not  the  effect  merely  of  proptosis,  for  it  does  not  occur 
in  cases  in  which  tbe  eye  is  pushed  forwards  by  a  growth  ;  it 
probably  results  from  an  interference  with  the  action  of  the 
tibres  of  Miiller ;  the  symptom,  however,  is  certjiinly  frequently 
absent. 

It  must  be  carefully  borne  in  mind  that  the  eyes  themselves 
are  not  enhu-ged,  but  are  dmply  pushed  forwards  by  the  vascular 
distension  of  the  fatty  connective  tissue  at  the  back  of  the 
■■rbit.  There  is  a  venous  stasis  of  this  tissue,  causing  it  to  be- 
come turgid  like  erectile  tissue,  a  simile  which  Graves  himself 
QHfA.  The  eye-ball*  usually  recede  yosl  niortem.  True  hjrper- 
trophy  of  the  retrobulbar  tissue  is,  however,  sometimes  found. 

SUepUtmMB  is  a  common  symptom,  especially  early  in 
the  cue.  A  more  or  lesK  ]>ennanent  febrile  condition  i>  some- 
times obaervcd  (Friasier,  Basedow).  Tbe  appftiU  may  fail,  or 
may  bv  grrat«r  than  in  health.  Vomiting  is  common,  nnd  the 
lAtientgrowK  thin  even  when  the  appetite  is  good.  Diarrhoia 
i"  common  and  usually  alternates  with  constipation.  In  women 
there  is  generally  ainenon-tuea,  usually  ac^romjutnied  by  profoM* 
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leitcurrhira.    Stokes  thought  the  whulc  disease  due  to  ansraiM,   ^ 
but  cuses  have  occurred  without  any  aneemia  (Frissier), 

Etiology. — The  disease   is   far   commoner  among   womeOf 
and  Trousseau  states  that  out  of  fiftycases  collected  by  Withui-  I 
sen,  only  eight  occurred  in  men.     The  age  is  most  comiuonljr 
from  twenty  to  twenty-five,  or  a  few  years  earlier,  but   the 
disease  is  rare  in  advanced  life. 

The  jiatients  are  usually  nervous  subjects.     Several  cases 
have  been  traced  to  fright  or  grief,  but  as  a  rule  no  cause  can 
be  assigned.     Trousseau  and  many  others  ascribe  the  disease  ' 
to  derangement  of  the  cervical  symi*athetic  nerves  and  ganglia, 
es]iecially  the  inferior  cervical  ganglia ;  hence  paresis  of  the 
vaso-motor  system,  and  consequent  dilatation  of  the  v^mcU. 
In  various  autopsies  the  above  ganglia  have  been  found  diseased. 
showing  hypertrophy  of  the  interstitial  connective  tissue,  and 
atrophy   of   the   nervous   elements.     But    other    most    careful 
(■bs<^rvers  (Ranvier,  Wilks,   D^jerine,   Cheadle)  have  failed    to 
find  any  abnormal  appearances  in  the  symi>athetic.   Dr.  Cbeadlt*, 
in  an  interesting  ease  described  in  the  'St.  George's  Hospital 
Kejiorts,'  found  considerable  capillary  dilatation  in  the  medulla  I 
oblongata   and   upper   part   of  the   spinal   cord,  but   without  I 
atrophy  or  cellular  lesions,  showing  thus  simply  increaeed  vcu~ 
cuturisation.     No  lesions  were  found  elsewhere,  neither  in  llie  I 
viscera  nor  in  the  cervical  sym]withetic.      The  pneumogastric  J 
nerve  is  cert.-iinly  implicated,  as   shown  by  the  disturbance*  J 
of  the  digestive  tract,  and  the  i»alpitation  of  the  heart.     The  I 
singular  nervous  sensibility,  which  is  so  early  and  concitant  a  1 
symptom,  and  which  in  some  cases  has  even  gone  on  to  nu 
after  the  cure  of  both  the  exophthalmos  and  the  goitre,  Tonld  ] 
seem  to  point  to  the   brain  itself  as  the  initial  seat  of  the  I 
disease. 

Treatment, — The  avoidance  of  mental  emotion  is  veryM 
inijMtrtant.  Digitalis  is  lauded  by  Trousseau,  together  vithl 
Ihe  application  of  iee  to  the  precordinm  and  the  thyroid  body.J 
Bromide  of  potassium  is  useful,  and  so  are  opium  and  cliloml. 
Belladonna,  which  theoretically  would  be  had,  is  practicallyl 
found  to  be  of  great  benefit.  Veratrum  viride  carefully  gir«nJ 
is  much  praised  by  Aran  and  See,  as  making  the  pulse  sloirerl 
without  increasing  the  arterial  tension  as  digitalis  does. 


Trxoriis.  «» 

Iron  has  been  found  hmtnful.  The  Galvanic  and  Faradic 
currents  have  been  found  to  be  benefida)  in  many  cases. 
During  the  last  year  I  have  handed  over  several  cases  to  my 
colleague,  Dr.  de  Watteville,  who  assures  me  that  they  have 
been  remarkably  benefited  by  this  treatment.  He  applies  the 
galvanic  current  about  ten  or  fifteen  minutes  daily  for  several 
weeks  in  succession,  placing  on^  jrole  over  the  naj^e,  and  the 
other  all  over  the  anterior  portions  of  the  neck. 

Tamonra  of  alt  kinds  are  found  in  the  orbit ;  they  may 
originate  within  the  tissues  of  the  cavity,  they  may  commence 
within  the  eye  and  thence  extend  to  the  orbit,  or  they  may 
invade  that  cavity  from  surrounding  parts,  as  the  noae,  the 
palate,  the  antrum,  the  skuli,  or  the  temporal  fossa.  Orbital 
tumours  may  be  non-malignant  and  of  slow  growth,  as  the 
cystic,  the  fibrous,  and  the  fatty  kinds ;  they  may  be  malignant 
and  more  or  less  rapid  in  progress,  as  the  sarcomata,  and  car- 
cinomata,  or  they  may  be  pulsating,  as  the  vascular  tumours. 

Symptoms. — The  presence  of  a  tumour  of  any  notable 
magnitude  always  gives  rise  to  protrusion  of  the  globe  (pro- 
plo^is);  when  the  tumour  is  deeply  seated,  and  at  the  afiex  of 
I  he  orbit,  this  is  usually  one  of  the  firpt  signs  of  its  existence  ; 
when  situated  at  one  side  of  the  orbit  it  usually  causes  lateral 
a^  well  as  forward  displacement.  In  proptirlion  to  the  increase 
of  the  tumour,  so  does  the  globe  become  disjiloced,  until  in 
severe  cases  it  is  protruded  beyond  the  palpebral  aperture. 
Functional  troubles  are,  also,  always  present,  and  will  vary 
ad-ortJing  to  the  position  and  size  of  the  swelling ;  when  the 
cninial  nerves  are  pressed  upon,  pain  will  be  severe,  and  the 
movements  of  the  globe  impeded ;  should  the  optic  nerve  lie 
involved,  its  function  will  be  interfered  with,  and  the  vision 
jKirtly  or  entirely  destroyed ;  with  Intend  deviation,  where 
vision  n;mains,  diplopia  is  alwayt  produced.  Prewure  u]>on 
the  ophthalmic  vein  is  likely  to  set  up  cedema  of  the  orbital 
tissues.  Proiitosis  is  not  always  eswy  to  make  out;  it  may 
be  mistaken  for  enlargement  of  the  globe  saoh  na  is  aometimea 
found  in  progreuhe  myopia  and  secondary  glaaooma.  In  mch 
cases,  if  the  upper  lid  is  etevatiKl  by  the  sorf^eon's  finger,  and 
the  patient  told  to  look  downwards,  the  antero-posterior  eton- 
gution  of  the  globe  will  be  at  once  detected. 
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After  a  time,  the  tumour  becomes  apparent  at  some  part 
of  the  margin  of  the  orbit,  and  can  then  be  examioed  b_v 
palpation,  by  auscultation,  and  if  necessary,  by  exploratory 
punctures.  Whenever  an  orbital  tumour  is  found  to  exist,  the 
condition  of  all  surrounding  regions,  as  the  mouth,  pliarynx^; 
and  nasal  cavities,  ohoiild  be  carefully  examined. 

Lipoma  and  Fibroma  are  extremely  rare  in  the  orbit 
cases,  however,  are  recorded. 

Cysta  occurring  in  the  orbit  are  not  uncommon ;  tbey 
usually  either  dermoid  (see  p.  8)  or  hydatid. 

ExoBtotet  of  thpi  orbit  are  eimilar  to  those  occurring  in  other 
parts  of  the  body.  Tliey  are  usually  of  the  ivory  variety,  and 
atta<^hed  by  a  broad  base  ;  in  such  cases  it  is  impossible  lo 
remove  them.  Occn^ionally,  however,  they  are  i>edunculat^, 
and  may  then  be  sawn  and  wrenched  off.  Such  operatJons  are, 
however,  not  altogether  free  from  risk  when,  as  is  usually  the 
cnse,  the  growth  is  attached  to  the  roof  of  the  orbit ;  for  a  portion 
of  the  latter  may  easily  be  torn  away,  and  a  fatal  meningitis 
set  up. 

More  rarely  exostoses  are  met  with  which  contain 
cystic  cavities  communicating  with  each  other;  this  varietj 
sometimes  attains  enormous  dimensions. 

Exostoses  of  the  orbit  are  slow  in  development,  and  painh 
in  prioress,  ])roducing  in  succession  all  the  aymptoms  that-^ 
have  been  above  enumerated  as  characteristic  of  intia-orbital 
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Sarcoma  is  the  most,  frequent  of  the  new  growths  affecting 
the  orbit.  It  may  occur  by  extension  from  the  choroid  (p.  153),  j 
or  it  may  fii-st  appear  in  the  cellular  tissue  of  the  orbit.  ItiS 
rate  of  progress  is  very  variable ;  when  it  develops  rapidl/l 
the  tumour  presents  but  little  pigmentation,  whilst  the  slower 
growing  sarcomata  are  usually  dark  in  colour,  and  are  t 
times  qriite  black. 

The  treatmejU  consists  in  the  early  and  complete  remov^'l 
of  the  diseased  tissues.  Whc^n  the  tumour  is  small,  circum^l 
scribed,  and  near  the  surface,  it  can  occasionally  be  r^movp^'l 
without  molesting  the  globe  of  thp  eye.  To  facilitate  this  iho 
}))ilpebr.d  opening  may  be  enlarged  by  dividing  the  lids  at  thai 
outer  canthus,  and   tlien   dissecting  iu  the  direction  of  I 


tumoar;  which,  when  exposed,  may  be  seized  with  vulselluin 
forceps  and  cleared  from  its  surroundings  by  means  of  a  steel 
director,  or  by  strong,  curved,  blunUeuded  acissorB,  and  then 
cut  or  torn  away. 

Sometimes  a  small  orbital  tumour  can  be  removed  by  an 
incision  through  the  skin  at  the  margin  of  the  orbit  without 
interfering  with  the  conjunctival  sac. 

When  the  tumour  or  new  growth  is  extensive,  and  involves 
the  tissues  of  the  orbit,  or  has  recurred  after  removal,  it  is 
necessary  to  take  away  the  globe  and  the  whole  of  the  orbital 
contents.  To  effect  this,  the  external  commissure  must  be 
divided  up  to  the  edge  of  the  orbit,  the  conjunctiva  separated 
by  incision  through  the  whole  extent  of  the  upper  and  lower 
culs-de-sac.  The  eyelids  are  then  seized  with  forceps  or  re- 
tractors, and  drawn  upwards  and  downwards  by  an  assistant. 
I'he  globe  can  now  be  enucleated  before  taking  out  the  tumour, 
or  the  whole  mass,  including  the  eye,  can  be  seized  with  vul- 
sellum  forceps  and  pulled  forwards,  while  it  is  detached  from 
the  walls  of  the  orbit  with  strong  blunt-ended  curved  scissors. 
Having  thus  removed  the  greater  part  of  the  tumour,  careful 
digital  examination  must  be  made,  and  any  further  jxirtigns  of 
tissue  which  appear  to  be  diseased  removed.  Hsemorrhage  is 
usually  copious,  but  generally  ceases  after  pressure  with  sponges 
or  pledgets  of  cotton  wool,  If  it  caimot  be  controlled  by  these 
means,  a  button-shaped  thermal  cautery  at  a  didl-red  heat  may 
be  used,  or  the  strong  percbloride  of  iron  solution  may  be 
applied. 

When  the  tumour  is  susjiected  to  be  sarcoma  or  carcinoma, 
it  is  well  to  supplement  the  extirpation  by  chloride  of  zinc 
paste  (F.  38) ;  small  strips  of  lint  about  half  an  inch  wide  and 
two  inches  long  are  covered  with  this  and  placed  inside  the 
orbit  over  the  ex^xised  surface.  These  are  then  covered  with 
layers  of  cotton  wool;  the  eyelids  must  be  pnitected  with 
vaseline ;  otherwise,  sloughing  is  sure  to  take  place.  The  lids 
are  then  closed  over  the  wool,  and  covered  with  a  tight  com- 
press to  prevent  further  htemorrhage.  A  hypodermic  injection 
of  morphia  should  be  given  before  the  patient  recovers  from 
the  anEBSthetic ;  otherwise,  the  pain  from  the  chloride  of  zinc  is 
excruciating. 
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ScirrhiiB  and  aoft  oanoer  occur  in  the  orbit  either  primarily 
or  by  extension  from  surrounding  parts. 

The  treatment  cooBlsta  in  complete  removal  of  the  diseased 
tissues,  and  in  the  application  of  the  caustic  paste  (F.  38)  to 
the  exposed  surface. 

Pulsating  Exophthalmos. — Cases  are  occaRionally  met  vith 
in  which  the  globe  becomes  protruded  at  the  same  time  that  a 
Boft  pulsating  swelling,  with  aneurysmal  bruit  and  thrill,  appears 
ai  the  upper  and  inner  angle  of  the  orbit. 

Tbe  history  usually  given  is  either  that  the  patient  has 
suddenly  heard  a  loud  snap,  and  that  this  has  been  succeeded 
by  an  intermittent  buzzing  or  blowing  noise,  and  eoon  after- 
wards by  the  pulsating  swelling;  or  that  the  symptoms  have 
come  ou  very  shortly  after  a  severe  injury  to  the  head.  In 
the  majority  of  these  symptoms  of  fracture  of  the  base  have 
been  present. 

In  a  third  class  of  cases,  a  perforating  wound  either  in  the 
orbit  or  the  roof  of  the  mouth  has  been  the  immediate  cause. 

In  the  earlier  cases  the  symptoms  were  supposed  to  be  due 
to  intra-orbital  aneurysm — an  opinion  which' was  strengthened 
hy  t;lie  discovery  of  such  aneurysms  in  two  cases  by  Guthrie 
and  Carron  du  Villai'ds.  Later  autopsies  have  proved  that,  «t 
any  rate,  in  the  majority  of  cases,  the  pulsating  swelling  in  the 
orbit  is  formed,  not  by  tbe  ophthalmic  artery,  but.  by  the 
varicose  and  distended  ophthalmic  vein,  that  this  distension 
can  be  traced  back  to  the  cavernous  siniis,  between  which  and 
the  internal  carotid  artery  a  communication  ofien  exists.  This 
art erio- venous  communication  may  be  brought  about  by  the 
giving  way  of  un  atheromatous  patch  ; '  hy  the  rupture  of  an 
aneuryran  in  the  sinus,'  hy  a  fracture  of  the  base  piassiug  acroaa 
the  sinus,*  or  by  a  wound.  Thus  in  one  of  Nelaton's  cases,*  the 
rib  of  an  umbrella  thrust  into  the  right  orbit  passed  through 
the  body  of  the  sphenoid  and  wounded  the  left  carotid  art«ry 
a^  it  lay  in  the  sinus;  the  injury  was  shortly  followed  by 
{lulsating  exophthalmos  on  the  left  side. 

'  Ilimohfeld.  6a:.  dei  llifiil.  1859,  p.  Til. 

•  Baron,  Med.  Chir.  Trant.  xlviii. :  Sunneley.  .Vrd.  Ckir.  Trtuu.  «UI- 

*  KAUtDD.  DftfHt  dr  la  Commiinieaiioit  de  la  Car.  Int.  ft  du  Sinmt  C^v,  1 
Tiiri*,  IH70.  •  NAIatOD,  Dctmt,  l»c.  vU. 
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In  Sehaefke's  case  tlie  artery  was  wounded  by  a  pistol  shot 
fired  into  the  mouth. 

In  a  few  cases  both  orbits  have  been  affected  ;  this  occurred 
in  a  case  published  by  Mr.  W.  Adams  Frost : '  the  patient  at 
the  time  of  observation  was  thirty-eight  years  old.  lA'hen  t«n 
years  of  age  he  had  been  run  over  by  a  timber  waggon.  Hts 
had  symptoms  of  fracture  of  the  base,  and  the  characteristic 
nymptoms  of  pulsating  exophthalmos  appeared  in  the  left  orbit 
and  had  persisted  ever  since ;  shortly  before  be  i;ame  under 
observation  a  small  pulsating  swelling  appeared  in  the  right 
orbit. 

In  a  few  cases  the  symptoms  have  been  due  to  a  malignant 
tumour  in  the  orbit. 

Treatrafnt  and  prognoaie. — Ligature  of  the  common  carotid 
artery  has  been  extensively  employed,  and  with  a  fair  amount 
of  success  ;  other  measures,  such  as  rest,  low  diet,  application 
of  ice,  galvano-puncture,  and  the  injection  of  styptics,  have 
also  been  successful  in  some  cases.  The  affection,  however,  tends 
after  having  reached  a  certain  stage,  to  become  stationary,  and 
not  infrequently  undergoes  sjiontaneous  cure,  so  that  unless 
the  noise  in  the  head  were  distressing,  or  the  increase  in  the 
size  of  the  swelling  rendered  its  rupture  probable,  a  prudent 
surgeon  would  not  adopt  such  of  the  above  modes  of  treatment 
as  are  fraught  with  danger  to  life. 

Erectile  or  cavernona  tninonrs.~T>iese  growths,  whose  struc- 
ture resembles  very  much  that  of  the  cor^wra  cavernosa,  seem 
to  be  more  frequent  in  the  orbit  than  elsewhere.  They  are 
slow-growing,  but  tend  to  mould  themselves  to  the  parts  with 
which  they  come  in  contact,  so  that  their  removal  en  masse 
without  injury  to  the  optic  nerve  and  muscles  is  generally 
impossible,  while  their  great  vascularity  renders  a  partial 
operation  troublesome  and  dangerous. 

Injuries  and  foreign  bodies. — The  orbit  is  not  a  very  un- 
common situation  for  a  forcij>;n  body  to  become  embedded  in, 
while  owing  to  the  amount  of  fat  which  the  orbit  contains,  its 
presence  may  be  unsuspected  for  many  days— hence  the  im- 
portance of  making  a  very  careful  examination  of  a  wound  in 
the  eyelid  or  conjunctiva.  As  an  instance  of  the  en«  with 
'  Tram.  Oj/klial.  Sac.  vol.  iii. 
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which  a  large  foreign  body  may  be  concealed  in  the  orbit,  the 
case  published  by  Mr.  Carter  is  probably  unique.  An  old 
man  fell,  while  drunk,  down  a  flight  of  steps,  at  the  bottom 
of  which  was  a  row  of  hat  pegs.  He  received  a  contusion,  and 
a  cut  on  the  eyelid,  which,  after  a  few  days,  induced  him  to 
seek  advice ;  a  surgeon  treated  him  for  several  days,  and  then 
noticed  a  black  substance  lying  in  the  wound  ;  on  seizing  this 
with  forceps  he  succeeded  in  withdrawing  the  shaft  of  a  hat-peg 
measuring  3^  inches  in  length.* 

*  The  peg  is  in  St.  George's  Hospital  Museum. 
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FORMULAE, 

NO. 

1.  Mitigated  nitrate  of  silver  crayon  is  made  by  fusing  togellier 

equal  parts  of  nitrate  of  silver  and  nitnite  of  potash,  and 
running  into  moulds. 

2.  The  same,  consisting  of  1  part  nitrate  of  silver,  2  pai-ts  nitnite 

of  potash. 

3.  The  same,  consisting  of  1  part  nitrate  of  silver,  3  parts  nitnite 

of  potash. 

4.  The  same,  consisting  of  1  part  nitrate  of  silver,  3^  jMrts  nitrate 

of  potash. 

5.  Nitnite  of  silver  gr.  ^,  distilled  water  Jj.     Mix. 

6.  Nitnite  of  silver  gr.  x.,  distilled  water  Jj*     Mix. 

7.  Nitrate  of  silver  gr.  xx.,  distilled  water  ^.     Mix. 

8.  Sulphate  of  zinc  gr.  ij.,  distilled  water  |j.     Mix. 

9.  Sulphate  of  alum  gr.  ij.,  distilled  water  Jj.     Mix. 

10.  Chloride  of  zinc  gi-.  ij.,  distilled  water  ^j.     Mix. 

11.  Carbonate  of  soda  gr.  x.,  diatilled  water  5J.     Mix. 

12.  Carbonate  of  soda  jjss.,  liq.  carbonis  detorgens  3ij.,  wator  <)j. 

Mix. 

13.  Biborate  of  soda  gr.  x.,  water  Jj.     Mix. 

14.  Boracic  acid,  gr.  iv.,  water  l^j-     ^^i*- 

15.  Sulphate  of  quinine  gr.  iij.,  acid,  sulph.  dil.  q.  s.,  watvr  |j.     Mix. 

16.  Carbolic  acid  gr.  ij.,  water  5J.     Mix. 
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17.  Homatropine  hydrobromate  gr.  vi.,  distilled  water  |j.     Mix. 

18.  Atropine  sulphate  gr.  ^.  distilled  water  |j.     Mix. 

19.  Atropine  sulphate  gr.  ij.,  distilled  water  ^j.     Mix. 

20.  Atropine  sulphate  gr.  iv.,  distilled  water  ^.     Mix. 

21.  Duboisia  sulphate  gi*.  j.,  distilled  water  |j.     Mix. 

22.  Daturia  sulphate  gr.  iv.,  distilled  water  §j.     Mix. 

23.  Belladonna  extract  Sij.,  water  Oj.     Mix. 

24.  Hydrarg.  oxid.  flav.  gr.  ij.  to  iv.,  vaseline  ^.     Mix. 

25.  Ting.  hyd.  nitrat.  gr.  xx.,  ung.  cetacei  3ij.     Mix. 

26.  Ung.  hyd.  oxid.  rub.  gr.  xx»,  ung.  cetacei  3ij.     Mix. 

27.  Liq.  plumbi  subacetatis  5j.,  aquse  destill.  Oj.     Mix. 

28.  Chloral  hydrat.   gr.  xx.   to   xxx.,  syrup   of  orange   peel    5ij., 

water  Jjss.     Mix. 

29.  Morphia  hydrochlorate  gr.  ^^  distilled  water  n\y.     Mix. 

30.  Pilocarpine  hydrochlorate  gr.  iv.,  water  Jj.     Mix. 

31.  Eserine  sulphate  gr.  ij.  to  iv.,  water  ^j.     Mix. 

32.  Pilocarpine  hydrochlorate  gr.  v.,  water  |j.   Mix.   Three  minims  to 

be  injected  hypodermically  daily,  the  strength  of  the  dose 
to  be  increased  gradually.  The  object  is  to  produce  profuse 
perspiration  and  slight  salivation.  Used  in  cases  of  de- 
tached retina,  choroiditis,  and  retinitis. 

33.  Sulphate  of  copper,  alum,  nitrate  of  potash,  equal  parts  fused  to- 

gether, and  camphor  3^^  part  of  the  whole  added.  Run  into 
moulds  and  keep  in  stoppered  bottles.  This  mixture  is 
called  Lapis  Divinus. 

34.  Atropia  sulphate  gr.  ij.  to  xx.,  vaseline  |j.     Mix. 

35.  Pil.  hydrarg.  gr.  ijss.,  ext.  hyoscy.  gr.  ijss.     Mix. 

36.  Pil.  hydrarg.  gr.  ijss.,  pulv.  opii  gr.  ^.     Mix. 

37.  Liq.  hydrarg.  perchlor.  3j.,  tinct.  cinchonse  38s.,  aijuse  |j.     Mix. 

38.  Zinci  chlorid.  Jss.,  farinae  3J.,  liq.  opii  sed.  Jss.     Mix. 


MmnunJer  ind  the  rebel  chTcftain.  —  Here  lh(  ttnrj  ibruptl;  termTniltt. 
Tbc  renuindFr  nl  tlie  Roman'*  namllTc  is  l»l,  ind  upun  ihal  brnkm  bridge 
Uie  toim  at  llic  Biuviui  hero  diuppein  tor  eiei.  Hii  lume  Tide)  rroin 
hiilnrj :  Dot  ■  ijrilable  i>  liiiovm  of  bii  lubiequcal  carcEr;  ctcrything  ii 
boried  in  the  profuimil  obliiion  which  lioir  tledi  orei  ihc  Kcna  where  lie 
wu  ibi  auM  inipuoiig  aetor.    The  conteit  at  Civilii  with  Bone  Mntaiiu  ■ 


:  1. 


remarkable  foreslmd owing  of  the  fntare  conflict  with  Spain,  through 
nhich  tlie  Baiavian  republic,  (Ifteen  centuries  later,  wm  to  be 
founded.  The  cliBracters,  tlieevcrits,tbeampliibiaiiB  battles, deap^ 
rate  sieges,  slippery  alliancee,  tbe  traits  of  generosity,  aadacitf , 
■nd  craelif ,  tbe  generous  confidence,  tbe  broken  tailh,  seem  so 
closely  to  repeat  theuselves,  that  liintory  appears  to  present  the 


:  1,25. 


Kllbome  drama  played  over  and  orcr  again,  irith  but 
a  change  of  aotors  and  of  costume.  There  is  more  than 
a  faDciful  resemblance  between  Civilis  and  William  tbe 
Silent,  two  heroes  ot  ancient  German  stock,  who  had 
learned  the  arts  of  war  and  peace  in  the  eervice  of  a 
foreign     and     haugthy     'world-empire.      Determination. 


D  =  !,!>■ 

concentration  of  purpose,  cooBtancy  in  oala* 
mity,  elaatloity  almost  preternatural,  self- 
denial,  consummate  craft  in  political  combi- 
nations, personal  fortitude,  and  passionate 
patriotism,  were  the  heroic  elements  in  both. 
The  ambition  of  each  was  subordinate  to  the 


caase  which  he  served.  Both  refused 
the  crown,  although  each,  perhaps, 
contemplated,  in  the  sequel,  a  Bata- 
vian  realm  of  which  he  would  have 
been  the  inevitable  chief  Both  offe- 
red  the   throne    to   a   Gallic  prince, 


for  Classicus  'was  but  the 
prototype  of  Anjou,  as 
Brinno  of  Brederode,  and 
neither  -was  destined,  in 
this  -world,  to  see  his  sacri- 
fices cro\irned  vrith   success. 


The  characteristics  of 
the  two  great  races 
of  the  land  portrayed 
themselves  in  the  Ro- 
man and  the  Spanish 
struggle    with    much 

D  =  4. 

the  same  colors: 
twice  a  Batavian 
republic  took  its 
rank  among  the 
leading  powers 
of  the  earth,  the 
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